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i ABSTRACT

This report describes the analyses of several piezoelectric and pure
elastic surface wave propagation problems and computer programs which
implement their numerical study. In addition, the formal analysis of an

electric current line source located above a piezoelectric crystal half space
is presented in some detail.
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I. INTRODUCTION

This report describes the analyses of several piezoelectric and pure
elastic surface wave propagation problems and computer programs which
implement their numerical study. In addition, the formal analysis of an
electric current line source located above a piezoelectric crystal half space

is presentsd in some detail.

The physical configurations of the propagation problems considered in
the sequel are shown in Figure 1 and are enumerated below:

(1) Surface wave propagation on a piezoelectric half space in the
presence of an infinitesimal electric or "magnetic" conductor
located at an arbitrary but fixed distance h above the crystal

surface.

(2) Surface wave propagation on a piezoelectric or pure elastic
half space contiguous to a perfect isotropic elastic conductor
(e.g. gold or aluminum) of arbitrary thickness h.

(3) Surface wave propagation on a piezoelectric or pure elastic
half space contiguous to a perfect fluid half space.

(490 Surface wave propagation on a piezoelectric or pure elastic
half space contiguous to an isotropic elastic layer of arbitrary

thickness h.

The following section contains the details of the analyses of the propagation
problems described above including special degenerate cases which are
encountered. These cases correspond to conditions of surface wave
propagation wherein one or more components of displacement vanish or the
electric and mechanical fields become decoupled (in the general piezoelectric
case the surface wave contains all components of displacemcat and is coupled
via the piezoelectric constants to the electric field). In practice degenerate
cases have been found to occur when the sagital plane lies either in a plane of
symmetry of the crystal under consideration, in the basal plane of crystals of
class 6 mm, or in the principal plane(s) of cubic crystals,

Mam i ——————————n fhronsiie 47
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The t4ird section presents an outline of the analysis pertaining to
the excitation of surface and bulk wave by an electric current line source
located above a piezoelectric half space. This problem was originally under-
taken as an approach to the study of interdigital electric transducers but was
ultimately abanwoned due to lack of funds and the fact that inordinant amounts
of computation would be required to extract useful data regarding the efficiency
of excitation of surface waves.

Finally, Section II provides detailed descriptions of the computer
programs written to implement the numerical analyses of the surface wavz
propagation problems described in Section II. The material presented in this
section provides the reader with sufficient information for the use of the
computer programs and the comprehension of the programming methods
employed therein. Source deck listings for the various programs are also

provided.
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II. PROPAGATION OF SURFACE WAVES ON PIEZOELECTRIC SUETR.ATBS ,

1. Surface Waves on Piezoelectric Crystals in the Presence of lnﬁnitesimal.!y‘r

Thin Electric and "Magnetic" Conductors

In this section the fc~ nal analysis is presented for the-propagation.
characteristics of surface waves on a general piezoelectric.crystal'surface.
in the presence of perfect electric and "magnetic” conductors. ’I;ﬁe;gebm”e&ié,éc
under consideration are depicted in Figure 2.

......

crystal surface and the X, axis in the direction of propagation.. ijb;ga:y
orientations of the crystal surface with respect to the crystal axes are
considered, This is accomplished by means of a coordinate rotation through:
the Euler angles from the crystal axes to the desired Xy X9y X3 coordinate:
system. The matrix defining such a rotation is given by

cosacosy - sinacosBsiny sinacosy+cosacosBsiny sinBsiny: |

= -cosa siny - sina.cosB cosy -sina siny+cosacosB cosy sinfcosy

sina sin B -cosa sinB cosf I

where a, B, and y are the Euler Angles. Since the X}s X9y X3 coordinate system-
is relative to the crystal surface and direction of propagation, the form of the
differential equations for the mechanical displacements and electric potentials
in this coordinate system is independent of the surface under consideration.
Only the values of the coefficients change with the surface orientation relative
to the crystal axes. This is also true of the boundary conditions., Different
cuts are thus distinguished only through the transformed tensor quantities
involved in coefficients of the differential operators.,

In terms of the Euler transformation matrix V, the tensor quantities of
interest; viz. the elastic constants (Cijk &)’ the piezoelectric constants (eijk)’
and the dielectric constants (elj) are transformed as follows:

]

c/

V.. V. V. V. C

ijkd ir "js "kt "4u “rstu ? ()

r,s,t,u=1

3
'
Cijk T ; Vie VJS Vie © rst ' @
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where the primed quantities refer to a rotated coordinate systcm and the
unprimed correspond to the coincidence of the X XgXg coordinate system and
the crysial axes, i.e.,when V is the identity matrix. The elastic and piezo-
electric constants can be reduced to 2 index symbols in the usual fashion, viz.
Ci'jk 1~ G, and ei'jk e where por q = 1,2,3,4, 5,6 are equivalent to
11, 22,33,23, or 32,13 or 31, and 12 or 21 respectively.

The differential equations for the components Ui’ i=1,2,3, of the

mechanical displacement and electric potential ¢ are given by

’ ’ - ATT . _
Ciike Yk, 41 T ekij @ ki = °Y; i=1,2,3
">
e U et w -0 X3 >0 4
ikt k, 4 ik P ki T
VZCP=0 -h<x,<9
3 : &)

In the above equations, indices preceded by a comma denote differentiation with
respect to space coordinates. The summation convention for repeated indices

is employed as is the dot notation for differentiation with respect to time.

As indicated above, the surface waves under consideration are assumed to
be traveling in the Xy direction along a surface whose normal is in the X3
direction. The displacements and potentials are considered to be independent
of the Xy coordinate. Consequently, traveling wave solutions of the form

“OWX, /v ju(t-x,/v )
Ui=Bi e 3 s e 1'"s

and
Sowx, /v iWt-x,/v._)
0= 84 e 3 s e 1" "s
are sought. When these surface waveforms (as identified by an exponential
decay into the crystal) are substituted into the differential equations for X3 >0

a linear homogeneous system of four equations in the unknowns Bl’ BZ’ 83, B 4




results. The determinant of the coefficients of the unknowns in these

equations must be zero in order that a non-trivial solution exist, that is

det

2 .
Cssa + ZCISJG.

2

2 .
Cys0” + [C14+C56]Ja

“Ci6

2 .
Cyst” + [013 + CSSJJa

“Cis

2 .
€50 + [e15 + e31]Ja

“en " €16 |
I C..a2+[C..+C lia e a2+[e +e,,]ijo
35 13 " ¥s55) 35 15 €31-)
| - Cis e
C o.2+[C +C,lja e >+ e, +e lja
34 36 " “45-) 34 14 " €36-)
“Csg %6
C o.2+2C o e a2+[e +e,elia
33 35/ 33 13 T €354]
2
-CSS + pvs ) e15

" €15

2 .
egq0” + [e13 + e35]Ja

2 .
Cys” + [CI4+CS6]J°’
“C16

2 .
C44a +2C46]0.

2
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2 .
Cyq0” + [C36+C45]J0.
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Evaluation of the above determinant results in an eighth order polynomial in
o of the form

8

6
A8a

+iAa + A0 A% A ot a0+ A oPH A

3 2 1cn-l-Ao=0 , (D

with the coefficients An, e=0,1,...,8, purely real. Since the fields must be
bounded, or go to zero as X3~ e, only the roots with non-negative real parts
are allowed. If the unknown in equation (7) is considered to be jo instead of a
then the polynomial in ja has purely real coefficients. Thus, either the roots
jo are real or occur in conjugate pairs, e.g.

ja1=a+jb

ja2=a-jb
whence

a1=b~ja

ay=-b-ja .

Therefore, the roots o are either pure imaginary or occur in pairs with
positive and negative real parts.

In the range of velocities where generally surface waves can exist (i.e.
velocities below the lowest bulk wave velocity in the direction of propagation
under consideration) the roots occur such that four with positive real parts
can be selected. However, if for a given velocity four such roots are not
found the possibility of the existence of a degenerate* surface wave remains and
must be considered. These special waves are discussed in detail in the section
on degenerate cases. Upon obtaining the admissable values of a, corresponding
values of Bi (to within a constant factor) can be found for each a.

In addition to the equations for Xq > 0, the differential equation (5) for
-h s X3 S0 must be satisfied together with appropriate boundary conditions at
Xg = 0 and Xg = -h. Assuming that the crystal surface is stress free
(T3j =0 at Xq = 0), the mechanical boundary conditions at each point of the
surface of the crystal are

*The term degenerate is used to signify that certain components of displacement

and/or the electric potential vanish identically.
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Tyl =CameUkites® x| -0 , ®
X3=0 x3=9

j=1,2’: .

For the electric wall case (Figure 2a) the boundary conditions on the electric
potential are the continuity of @ at Xq = 0 and, without loss of generality,
¢®(-h) = 0. Also the normal component of electrical displacement must be
continuous across the surface of the crystal.

The total fields (mechanif:al displacement and potential) may be expressed
as a linear combination of the fields associated with the admissible values of &
for X3 >0, namely,

(0 :
4 -arux, /v ju(t-x,/v.)
U= L B0 e ¥ s VS ji1a3, ©)
=1

) .
4 -t WX, /v w(t-x,/v_)
w:Z; B(l”)iiff)eOL s ST (10)

In the region -h s Xg <0 the potential is a solution of Laplace's equation
(5). A solution satisfying the continuity condition at Xg = 0 and vanishing at
Xg = -his

CP=§:1 B«’) B‘(:') cschl%f) sinh(-‘-,-w; (x3+h) e

jw(t-x/v.)

(a3

-hsx,s0

3

Finally, the normal component of D (viz. D3) must be continuous across the
surface Xq = 0. Inside the crystal the electrical displacement is given by
Di =€t Uk, L €ik(p’ k,(i = 1, 2,3), while in the region -nh < Xq <0, D= -€ V0.

Substituting the waveforms (9), (10) in equation (8) and expressing the
continuity of Dy at x4 = 0 in terms of equations (9), (10), and (1) yields the
following set of homogeneous equations for the amplitudes B & , namely,
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4
. {s‘l‘) lic, g+ o™ g 1+ 80Tc g al¥c, 1+ 887 lic,g+ olc, )

(12)
+ Bff’ ieys + o9 ess]] .o

4
N [B&L) lic,, + ot €1+ 890ic, ¢ + e 1+ 8§Plic o+ olc,

(13)
+ Bff) Lieyy +o(P & 4]} -0

4
§1 [B‘f* [i 5 + ot €314 8001+ o, 1+ 880 [ic ot ofc,, ]

L

0 (14)
+ Bg') Ciey5 + olh ess }j B =0

4
g’l .[SSL) [je31 + ¥ e35] + Bg')[jr;% +aY WL, Bgo liegg + oPe

337
(15)

r

un)
s
The transcendental equation obtained by setting the determinant of the matrix
(f..) of coefficients of this system equal to zero determines the surface wave

velocities.

P -o

- 5(40 [j€13 +a@e

In the limiting case (h - 0) the region -h < Xg <0 disappears and the
boundary conditions on the electric potential and normal component of

displacement in the crystal arc replaced by ©(0) = 0. In this case equation (15)
above reduces to

4
;,—:1 s8M-0 . (16)

In addition to the electric wall problem, the magnetic wall case
(Figure 2b) also has been considered. The only change in the formulation of
this problem is the boundary condition at Xq = -h. In this case the solution for
the potential in the region -h = X3 = (0 assumes the form
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a= ijl g af;v) s:-;ch(-;“‘l) cosh(-‘-,u-,- (x3+h)) ejw(t-xl/vs) . 7
= S S

This function satisfies the condition that the normal component of electrical
displacement (D ) vanish at the magnetic wall Xg = -h.

Equation (15), the continuity of D3 at xg = 0, is modified for the magnetic
wall case by replacing coth (ah/vs) with tanh (uh/vs) . Otherwise the equations
(12)-(15) remain unchanged. The limiting case h ~* 0 requires no special change
as it did in the electric wall case since the continuity condition on D3 at xg = 0
now simply becomes D3 =0 and D3| ~ tanh (uh/v ) (outside the crystal),
which goes to zero as h 0. Thus e&latlon (15) wnth the tanh (uh/v ) term needs

no modification for the limiting case.

Once a surface wave velocity has been found the partial field amplitudes

B(j) » =1, 2,3, 4 may be calculated to within a constent factor. Consequently, B('4)
is chosen as unity (except for certain degenerate cases described later) and B(l) ,
B(z), B(S) are found from equations (12)-(14). These amplitudes are used to
evaluate the displacement components (eq. (9)), electric potential (eq. (10)), the
components of stress, strain, electric displacement, electric field, and the time
average power flow as functions of WKg o The explicit forms of the components of
the aforementioned physical quantities are:

Stress
“ N -
11 y O uxg/ve Jtx)/v) [ 0
gl B9 e e 1 [’Glcn i ‘v's_clsj
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I L 4 a
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T 4 -a(l“)wx /v w/(t-xy/v.) {0
.—].'—‘.:——lz Z B(L)e 3 1 s {(L)l: C --g'—
w w .{,:1 VS 16 56
) « (€]
- ) } (1) _a
*B(z'[v‘:ca 3 4}+B§3)[—LC6 _C36] P [ 16 ""336]}

o e - ¥
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Power Flow

The flow of complex mechanical power at any point in the piezoelectric
medium is given in component form as follows:

1 3 *
Pi="3 2:‘1 TR
The real part of this expression represents the time average power flow at a

point.

Since all fields decay exponentially in the X3 direction there is no net flow
of real power in this direction. Thus, only P 1 and P2 need be considered.

The components of the total time-average power flow are as follows:

=)

p§=L Re [P, ] ax, = Re [P}]

p;=f Re[ledx3=Re[P2t]
o

where Re [P 1 2] means the real part of P 1.2° The final expressions for the
? ’
complex mechanical power flow Pt1 and P; are

T

21 {}*
A~

+80 (¢ - 1 )+ 87c ot ) + 80

WL T

L___ p(hp® {ng) 9, -9 ¢,

1 [o{P450 )

<

11'j°‘we31) ]

+899 16{Y (€15710Y G+ 8{g-1a0 ) + 8010 Vg

+ Bff') (e)¢ jol® e3q)]
+ 80 (6849 (¢ i) + B(c 0P ) + 80 - 1Pc )
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2 2'1 i1 [au)+ o@] aab! (C1g730Cs0)

+ B(l’)(c - JO.(L)C 40 T B(L)(C "']0.( e 36 T B(L)(e -Ja({') 6)3
+B88 160 el 0p9 +801cyq1 e, +8§7(cpr160g)
+ B‘(f) (e @

12710 7egy)]

+ 80 169 -1, + 8C 160, ) + 8§C 510

+8 (e 4o Veg ]} ,

34)

The flow of electromagnetic power (Poynting Vector) in a piezoelectric
medium requires a knowledge of the magnetic field as well as the electric field.
It is a common belief (although an incorrect one) that the complex Poynting vector
E x H* reduces to @D* when the electric field is approximately derivable from a
scalar potential function ®. This mistaken notion is based upon the following
derivation for energy flow out of a closed surface.

Maxwell's equations are as follows for fields derivable approximately

from a scalar potential function (i.e. where ET -V%) in a non-conducting
medium.

‘a ~
VXE=5-%0 v-B=0
3 _ .
v H"’B’t_’D v:D=0

Now the flow of power out of any closed surface with a surface normal
element ds is

-'-;-j](ExH*) + ds
g(EXH*)°£=f_ﬂV'(ExH*)dv

but

———— s g arat

e e s m—— s
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where the second integral is over the volume enclosed by the surface S. Using.

e

Ve(ExH¥)=H*-VxE-E+VxH*= -E . VxH*

4
-
;
;
.
4
1
2
5
i
,

it follows that .
I's
%f‘[/v'(ExH*)dvg-%@E-Vxﬂ*dVr%Jg(prﬂﬁ‘)" .

Furthermore Lo

v+ (@D*) = Yo - D* +4v + (D*) = Y - D* i

may be used to infer that .

%MV’(ExH*)dv:%fﬂv‘(CPﬁ‘)dV |
=;£f@-.d‘;

Therefore
1 * -o~1 o* -d
P=5 J//J(E xH*) *ds= 3 wD* + da .
2 2 3

This equation states that the surface integral over a closed surface of E x H* is
equal to that of ¢D* or alternately that V « (E x H*) =V « (cpﬁ"'), consequently
E x H* = ¢D* + A where A is some vector whose divergence is zero (V. A=0).

It seems a natural assumption to assume that A=0and thatE x H* = cpl.')‘.
However, this is not necessarily so as an illustrative example from electxo-
magnetic theory shows.

Consider a surface wave propagating in the free space region

L.

X

T T T T T 1";‘;‘:‘3““
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A solution of the following form will exist.

H, = e iPx ¢
-V g%- kz
E = ~————=— Hz
X jwe
=8
Ey T

The wave impedance of this wave is

E. +j{B%k

deter™ining the value of B. If ko << B (low frequency limit) then we have

B=uwe XS
and the field quantities assume the form

Hza- e-jBx e-ey

~ =B
E = j— , and Ey'u,-eHz .
This is the quasi-static case (ko << ) and an approximate expression for the
electric field is derivable from a scalar potential. Indeed, the scalar potential
may be take™: to be
Hz ~ e-jBx e By

®= we we ’ -

with the result B = -Vo.

For this approximation the x component of the Poynting vector (E x H*)
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reduces to N = E_H* = B/we e-ZBy while
X yz
L] Hz L]
* _ *
cpr = ¢ Ex
- . B 2By
=" 9% e ,

and clearly ﬁ # ch* .

Summing up, the electromagnetic power flow (E x H*) at any point
requires a full solution of Maxwell's equations and cannot be obtained from
the scalar potential method., Only the total power flow out of a closed surface

can be obtained from the scalar potential method since

jJExH*'ﬁ:ﬂmé*-dg

where S is closed. A more thorough investigation into the electromagnetic
power flow will be taken up during the transducer study part of the study. For
now it can be said that the electromagnetic power flow is expected to be much
smaller than the mechanical power flow based on computer runs where @D* was

used as an order of magnitude estimate of the Poynting vector.

2, Surface Waves on Non-Piezoelectric (Pure Elastic) Media

Surface wave propagation on a free surface of a non-piezoelectric elastic
medium can be accounted for by appropriate modifications of the foregoing
analysis. In this case the piezoelectric constants eijk are identically zero and
the electric field and mechanical displucements are decoupled. Consequently,
the fourth order matrix appearing in equation (6) reduces to the third order
matrix obtained by deleting the last row and column. Subject to this modification
equation (7) reduces to a sixth order equation in ¢ which in general will have
three roots with positive real parts. The boundary conditions at the free surface
are given by equation (8) with the coefficients el:3j =0. Inasmuch as there is
no coupling to an electric field the additional boundary conditions applicable

thereto are unnecessary.
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The relative amplitudes of the component of displacement Bl(:') , k=1,2,3
are evaluated for each a“’) with positive real part in a manner identical to that
used in the general piezoelectric case. Upon evaluation of these quantities
the boundary conditions are invoked and the equations (12-14) result with the
piezoelectric constants equal to zero and the sums only over the indices
1, 2, and 3. The characteristic equation for the determination of surface wave
velocities again obtains from the condition that the determinaut of the matrix
ccefficients associated with the linear system (12-14) vanishes.

The stresses, strains, power flow, etc. may be calculated as before by

B, k=1,2,3, B®) k- 1,2,3 and setting

the B 4's, A(4) , ande 1p equal to zero in the equations for these quantities given

using the appropriate evaluations of B

previously.

3. Degenerate Cases — Piezoelectric Medium

The rodes of surface wave propagation described as degenerate cases
arise when the four coupled partial differential equations (4) which govern the
mechanical components u;, u,, and ug and the electric field (via a scalar
potential ¢) reduce to two independent sets of coupled equations, assuming
traveling wave motions independent of the coordinate normal to the sagital
plane.

With the coordinate system chosen assuming no variation in the X,
direction, the equations of motion (4) for the displacement components and

potential may be written in the operator form (assuming eIt time dependence)

LyyU, +LypUy + LUy + Ly 00
Lg Uy +hggUy # LiggUs + Lpy®=0
L3yU) + LggUy + LiggUg + Lgy@=0
LU, + LUy +LygUs +1,,0=0 ,

where -

v bR T b apmeaiatn S Kl R ol




\2 32 32
Ly = Cs5 T3 +2C)5 5755~ +Cp —3 +u'p
3 39%) 3
X3 xl
32 32 52
Lig=tg= Cy5 =5 +(C1y +Cs0) 55w+ C —3
6x3 K | axl
)2 |2 32
Liz=Ls) = Cy 32 +(Cp3+Cs) 5x;0%; T C1s 32
3 1
2 32 52
Lyg=Ly = ¢35 o2 tlejg tegy) R 2
3 X
2 2 2
3 5 32
Lya=Cyy 27246 355 *Ces 2T
x3 371 xl
L 52 32 X
Laz=L3y= Cy, o2 TG 1 Cyy 3xg5%; t Cse 2
3 1
32 32 2
Fag=bgp® 3y —gt e tegy) R Ty
uxs Xl
2 2 2
) 5 5 3 2
L., = 27 E-al
337 C33 73 +2C55 55— +Cg5 5+ wp
8x3 31 X
1
52 52 32
Lyg=Ly3= eyq 2Tt ess) o tes 3
x3 371 Bxl
2 2 2
L =- 2 _a_ - 9 - _é_
44 3332 %18 ok T2
x3 371 bxl
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The elastic cij’ piezoelectric eij' and dielectric Bi. constants refer to the
transformed (from the crystal coordinate system) quantities and are represented
in terms of the abbreviated double subscript notation.

If the elastic and piezoelectric constants are such that the operator matrix

(L.,

iji,=1,2,3, 4 is appropriately sparse, the equations (1) decouple and the
2 JT Ry Ly
possibility of degenerate cases is encountered.

For example, in the case reported by Bleustein(4) the elastic and
piezoelectric constants are such that L 12° L 14° L23 = L3 4= 0 and the equations
of motion decouple into two independent systems; one system governing uy and @
and the other characterizing the behaviors of u; and ug. This is an example of one
of the two general degenerate cases which has been found to exist for a number
of crystals on particular cuts and directions of propagation.

A second degenerate case which also has been reported and which

appears with some regularity is manifest by the conditions le = L23 = L2 4= 0.
In this case the equations of motion decouple into a coupled system of partial
differential equations for the displacement components u 1 Y3 and the potential
¢, and a single partial differential equation for the displacement component uy.
This particular degenerate case has been studied extensively for surface wave
propagation on the basal plane of hexagonal crystals(7) and it has been shown that
a surface wave solution with the displacement compcnent u, alone cannot exist.
It should be noted that the latter observation carries over to the general case,

independent of the crystal class, surface cut, and direction of propagation.

There are other degenerate cases that can be considered. For example,

L =I..l =L

12= k3=l =0

or

L,,=L,=L,, =0 .

31 732 T34

These cases were considered in the analysis leading to the present study but
numerical examples of these cases have not been found.

The conditions L 41 = L 42 = L 43 £ 0 lead to a complete decoupling of the

electric and mechanical fields and has not been found to occur for surface wave

propagation on specific surfaces of any piezoelectric crystal considered thus
far.
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The occurrence ~f degenerate cases can also be described in terms of the
linear equations for the relative amplitudes, B v 1=1,2,3,4, of the mechanical
displacement and electric potential. The determinant of the coefficients of this
system of equations is given by equation (6), wherein the elements of the

determinant correspond to evaluations of the operators Lij with

—-aa = -j _U_)_ and -—a =" E‘E .
X v ax v
1 s 3 s

For the sake of the following discussions let the linear system of equations

for the determination of the 8's be denoted

4
A ,B,=0 ,
4;1 i1 4

The possible combinations of the elastic and piezoelectric constants which

i=1,2,34 . (18)

caused the equations of motion to decouple lead to the decoupling of the linear
equations in the exact same fashion. Inasmuch as the linear equations (18) are
employed in the numerical analyses, the various cases of decoupling are discussed
again in more detail below.

The following degenerate cases have been found to exist and are
accounted for in the computer program which implements the numerical
analysis. They are denoted by representing the matrix A = {Ai L} i,4=1,2,3,4
with its appropriate zeros displayed, viz.,

{ Aup 0 A Ay ; AL 0 A0
.0 A, 0 0 | 0 A. 0 A
Case (1) A 22 | Case () ! 22 24
iz 0 Ay Ayl A1 0 Az 0
. (A, 0 A A, E i
| A14 3¢ A | 0 Ay O Ay

In Case (1) we note that 62 decouples from Bl’ B3, and B 4 The determinant of

Ais zeroif A, =0 (as a function of ) or if the determinant

22
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11 A3 A

13 £33 Agy |

> > >

i 714 A34 44

PTTUI




e d e

24

The condition A22 = 0 leads to a quadratic equation in a. If A22 = ( the system

of equations yields a solution B1 = 33 = 34 = 0 while 82 can be chosen as an
arbitrary constant.,

If A\1 = 0, giving a sixth order equation in ¢, the system of equations
requires a solution 62 = 0 while either Bl’ B3, or B 4 M3y be chosen arbitrarily

and the remaining two B's calculated from any two of the three equations not
involving A?_2 .

In case (2) we note that B, and 33 decouple from BZ and B,. The
determinant of A goes to zero if the determinant

A, A
Ay- 11 13 -0
Az Agg
or the determinant
A A
A3 = 22 24 = 0 .
Ay By

Both the equations A2 =0 and A3 = ( lead to quartic equations in a. If A2 =0
the system yields the solution B, = By= 0 while Bl or 83 may be arbitrarily
chosen and the remaining B calculated from either the first ox third equation
of the system. If A; =0 the system yields the solution B, = B3 = 0 while

By Or B 4 may be arbitrarily chosen and the remaining B calculated from either
the second or fourth equation of the system.

Let the coefficients of the amplitudes B(!’) (equations (12)-(16)) be
considered elements of the matrix f. . Incase (1) f. takes the form

0 Ljy Lyz Ly
L, 0 0 0
0 Ljy Lgg Ly
|0 Lz Bag Lyy

If the determinant




————

Lo Ly Ly
Li= | Lgy Lgg L34; =0
Ly Lz Ly

(considered as a function of the velocity v_) then the following solution is
found: B(l) = 0 while B(z) R B(3) , OF B(4) c:n be chosen arbitrarily and the
remaining B's calculated from any two of the three equations not involving

L2 1 This situation corresponds to a wave with displacement components U,
U3 and potential ¢ and U2 is identically zero.

If L2 1 is zero we would be led to a solution where U 1’ U3, and ¢ are
zero while only U2 would be present in the wave. However, it can be shown

that L2 | can not be equal to zero and therefore such a mode does not exist.*

In case (2) L takes the form

'L, L, 0 0

0 0 Ly Ly,
Ly Ly 0 0 |
p 0 0 Ly Ly,

If the determinant

L., LI
L=!11 12 _,

? g Ly

then the following solution is found: B(B) = B(4) = (0 while B(l) or B(z) can be
arbitrarily chosen and the remaining B can be calculated from the first or third
equation of the system (equations (12) or (14)). This situation corresponds to a
wave with displacement components Ul and U3 while U2 and ¢ are identically
Zero.

If the determinant

*This case was considered in detail for surface wave propagation in the basal

plane of hexagonal piezoelectric crystals by Tseng and White ).
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then the following solution is found: B(l) = B(z) = 0 while B(3) or B(4) can be
arbitrarily chosen and the remaining B can be calculated from the second or
fourth equation of the system (equations (13) or (15)). This situation
corra2sponds to a wave with displacement component U2 and potential ¢ while
Ul and U3 are identically zero.

It should be noted that in paragraph 1.1 it was stated that four a's with
positive real parts can be found when in the range of velocities below the slowest
buik wave velocity in the direction of propagation being considered. However,
in the degenerate cases surface waves may exist when there are less than four
such a's provided the appropriate a's have positive real parts. For example,
in case (1) only three roots of A1 must have positive real parts for the
existence of a surface wave. The roots of A22 = () are not required to assume
any particular form. That is, both roots corresponding to A22 = 0 may
be purely imaginary but if three of the six roots corresponding to A1 = 0 have
positive real parts a surface wave may still exist. Similarly, for case (2)
it is possible to have a solution with only two a's with positive real parts
provided that koth of the a's come from the same equation (i.e. both come
from A2 = 0 or both from A, = 0). An example of the latter situation has been
reported in the lit:erature(‘”3 and corresponds to a wave with displacement
component U2 and potential ¢. It may be noted that the (necessarily)
degenerate waveforrs that occur with higher velocities than the bulk waves
alluded to above appear to be the non-attenuated limits of leaky or pseudo-waves
and have been described for non-piezoelectric crystals by Lim and Farnell.(s)

One further case of a peculiar nature will be mentioned here although
it does not fit into the category of degenerate cases. On a surface of a
hexagonal crystal, solutions of the algebraic equations for the decay coefficients
(k)
a

all the minors of the elements of A are not new the rank of the determinant is

3
exist which cause the minors of the last row and column of A to vanish. Since

not reduced but the component 8 4 is forced to be zero. Thus only Bl’ B,, and

33 exist for such an . The total wave however is not an example of a 2
degenerate case since the other a's are needed for a surface wave solution. This
behavior is a manifestation of the fact that one of the general bulk wave

solutions is decoupled from the electric field for all directions of propagation

in a piezoelectric hexagonal crystal.
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4. Degenerate Cases — Non-piezoelectric (Pure Elastic) Medium

For surface wave propagation in a pure elastic medium the system of
equations discussed in the procediug paragraph takes the form

3
E A8, =0 i=1,23 (19)
=1

where the Ai 1 are the same as in the piezoelectric case but involve only the
elastic constants (the piezoelectric constants are zero and the dielectric
constants do not enter the problem). The equation for a is now sixth order.
Generally three roots with positive real parts are required for a surface wave

solution,

Only one degenerate case occurs for a pure elastic medium. In this

A
case the A matrix assumes the form

Ap 0 Ay
0 A, 0 i
Az 0 Agy

As before the condition A22 = 0 leads to a quadratic equation in a but
this case is of no interest inasmuch as it would lead to a solution with U2 the
only cemponent of displacement and this is impossible for the same reason as
in the piezoelectric case (viz. L2 | cannot equal zero for the form of the decay
coefficient o required for a surface wave solution). If

we obtain the solution B2 =0, Bl’ 83 # 0, and either 8 1 OF 83 can be chosen
arbitrarily with the other B being calculated from one of the two remaining
equations of the system. In this case the f. matrix assumes the form
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! 0 Ly, L.
i L, 0 0 ,
1 0 Lgy Lgg

33

The above form of the linear system requires that B(l) = 0 while either B(z) or
B(s) can be chosen arbitrarily and the remaining amplitude calculated from either

of the equations

2 (G
LB +L,B =0
or

(2) G
LyB'” +Lg B =0 .

This solution corresponds to a wave with displacement components U 1 and U3
while U2 is identically zero, i.e., a Rayleigh wave.

5. Surface Wave Propagation in an Isotropic Elastic, Perfectly Conducting
Film on a Piezoelectric Substrate

An additional problem that has been considered is that of a finite thickness
layer of isotropic elastic conductor on a piezoelectric substrate. When the
displacement component wavzforms
-awx3/vs ejm(t—xl/vs)

U =8B e

i i ’ 1=1:2’3 ’

are substituted into the equations of motion for an isotropic elastic medium,
a linear system of equations for the relative amplitudes Bl’ 8‘2, 83, of the
displacement components is obtained, The determinant of the system, set
equal to zero, yields the equation for the determination of .he exponents q,

namely
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2 2
po- (N + ove o jalatp]
det o) paz-'p-i-pvz o =0 (20)
2 2
jaladpl 0 (2p+Na”- ptfvy

where A, p are the Lame constants of the mediura. The polynomial form of
(18) is of order six and, inasmuch as the medium is of finite thickness, the
solution corresponding to all six roots is needed to satisfy the boundary
conditions.,

The assumed forms of the solutions in the piezoelectric medium with
those employed in Section II.1, namely,
where A, p are the Lame constants of the medium, The polynomial form of
(18) is of order six and inasmuch as the medium is of finite thickness, the solutions
corresponding to all six roots are needed to satisfy the boundary conditions.

The assumed forms of the solutions in the piezoelectric medium are identical
with those employed in Section II.1, namely,

- e
uP = i A(L) Bw e ap wx3/vs er(t xllvs)

N ¢ (21)
»1=1,2,3 ,
() 0 (e
P = }% AW B[()? o Vs Sl . (22)
1=1

In the elastic conductor the total displacements assume the form

k) .

6 -a( UKo/ jw(t-x./v.)

c k) o(k c 3's 1 .

ot =y B®e® . e S, i=1,23, @3
k=1

and the potential function is identically zero. Thus there are 10 unknown

amplitude coefficients A(&) , B(k) » 1=1,2,3,4, k=1,...,6 to be determined.

The boundary conditions applicable in this problem are as follows:
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Continuity of displacement at Xg= 0 Uf(xl,O) = Uf(xl,O) i=1,2,3
- _ p _mC .
Continuity of stress components at Xg = 0 T3j(x1’0) = T3j(xl’0) j=1,2,3

Vanishing of stress components at the c
free surface at Xg= -h T3j(x1, -h) =0 i=L2,3

Vanishing of potential at Xg = 0 cop(xl,O) =0

Applying these ten conditions to the above solutions yields a system of ten
homogeneous algebraic equations in the ten unknown amplitude coefficients
A(i), B(j) . From this point the solution for surface wave velocities and field
distributions proceeds as before except that there are now ten equations instead
of (4). The explicit form of the determinant of the system stemming from the
boundary conditions :s given in Appendix I.

6. Surface Wave Propagation at the Interface between a Piezoelectric
Substrate and a Semi-Infinite Fluid Medium

The physical problem considered in this section is that of a surface wave
propagating along the interface between a piezoelectric crystal and a semi-
infinite fluid. Again a rectangular coordinate system is chosen with the X3 axis
normal to the crystal surface and the X, axis in the direction of propagation as
in the preceding problems. The fields in the crystal and fluid media are
assumed to be independent of the Xy direction. Arbitrary orientations of the
crystal surface with respect to the crystal axes are handled by means of an
Euler Transformation as before and the differential equations in the crystal

medium are the same.

The elastic properties of the fluid medium are described in terms of a
single elastic constant A (modulus of compression); the effect of viscosity is
ignored. Consequently, the differential equations in the fluid are

Uy 111Uz 13= PU,/2

Uy 13+ U3 33= Plly/A , X3 <0, (24)

.
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wherein the derivatives with respect to X, are taken to be zero in keeping with
the uniformity of the field in this direction and Pg is the density of the fluid medium.

In the crystal medium (x3 > Q) traveling wave solut.ons of the

form
-o wx, /v ju(t-x,/v)
U=6e 2 Se T, i=123,
_ (25)
r LA jw(t-x;/v)
D =8 4 ¢ e
are sought and all analytical counsiderations pertaining to the crystal
medium are identical with those discussed in Sections II.1 and II.2.
In the fluid (x3 < 0) the particle displacements and electric potential
are decoupled and are assumed to have the forms
-0.uX, /v ju(t-X,/V)
i 3 1
U 1Y€ Se S ,
~qUX,/V  jw(t-x,/v.)
_ 73 s 1 "s
U3 =yge€ e ) (26)
wXo/v_ juw(t-x,/v.)
v =Ce 3 s e 1'"s .
Substitution of these displacement and potential waveforms into the
differential equations (24) leads to the following equation for Of in terms of
the velocity 2 namely
! 2 . \
vas A Jafh
det =0 , 27
\ 2 2

from which it follows that

/A- pfvi
0 = A — : (28)

The relative amplitudes y, and Y5 are obtained from the homogeneous linear

system of equations wkose coefficient matrix appears in equation (7), viz.,
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jagA
Y95 75 Y . (29)
1 A-pfv§ 3

The sign of L ¥ in equation (28) is determined by the condition that the surface

wave is bounded as X, — 4o,
The total field in the crystal is expressed as a linear combination of the
"partial” fields associated with the allowed values of O namely

4 -a(l’)mx /v jw(t-x,/v.)
Ui= El B(L)Bgl,) e © 3 s e 1'7s

(30)

-on((f) wx3/vS jw(t-xl/vs)
e

4
- g (1) g4

In the fluid medium the total displacements and potential are given by equation (26).

The amplitude coefficients B(l) , B(z) , B(3) , B(4) , C and Y5 are determined by

the boundary conditions:
U3 continuous at X3 = 0
¢ continuous at Xg = 0
D3 continuous at Xg = 0 (electric displacement)

T,, continuous at X3 = 0

33
T31=0 at x3=0

T32=0 at x3=0

The components of the electric displacement vector D in the crystal are given by

Di=enVk ¢ Sk o i=1,23 ;

in the fluid medium, D= -¢ fch, where € is the dielectric constant of the fluid.

Application of the boundary conditions to the total field solutions leads to a set
of six homogeneous equations in the unknown amplitudes B(L) 1=1,2,3,4, C and
Y3 The coefficient matrix of this system of equations, M = [Mik]j, k=l,...,6°
assumes the form*

*The explicit equations for the elements of M are given in Appendix II.
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My M, Mg My 0 My
Myy My, My My, Mzsl 0
Mgy Mgy Mgz Mgy Mg 0
ML My My, M My, 0 IM46 ' 1
My, Mg, Mgy Mg, 0] 0
Mgy Mgy Mgy Mgy 0| 0

The characteristic equation for the surface wave velocity Vg is obtained from
the condition for the existence of a non-trivial solution of the aforementioned
homogeneous system, namely, detM = 0.

The complex solutions to the equation detM = 0 can be obtained in a
straightforward fashion using the iterative scheme described in the programming’
sections and such a procedure has been buiilt into the computer program for the

. fluid problems. However such a procedure is time consuming and does not
fully exploit prior work on piezoelectric surface wave propagation problems.
Inasmuch as a computer program exists to calculate piezoelectric surface
wave characteristics under a variety of conditions, in particular, when the
surface of the crystal is traction free and the adjacent half space is a massless,
non elastic dielectric, it is desirable to make maximum use of this program.
This can be done for a wide range of parameter values for the fluid medium by
making use of @ perturbation scheme for obtaining the roots of jet M = 0
which utilizes the results of this program and requires, in addition,only the
evaluation of a few determinants at specified velocities.

The implementation of the perturbation procedure is based on the fact that
a particular sub-matrix N of the matrix M (as indicated by t1e partitioned
matrix in equation (31)) is the coefficient matrix of the linear system
corresponding to the boundary conditions at the surface of a crystal in contact
with a medium whose elastic properties are those of a vacuum but whose
dielectric constant is that of the fluid medium. Consequently, the equation
detN = 0 is the characteristic equation for the velocity of the surface waves
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which can propagate in this configuration, and the roots of this equation can
be found using the computer program for the first problem with wh = « and the
dielectric constant of a vacuum € replaced by the dielectric constant of the
fluid (€ 1) .

The perturbation procedure is based on the assumption that the complex
velocity which satisfies detM = 0 corresponds to a small perturbation on the

real velocity solution of detN = 0, i.e. that the mechanical loading of the
substrate by the fluid medium is quite small.

Formally the perturbation scheme is derived as follows. Let Vso be the
velocity such that det N(vsc) = 0 and assume that there exists a complex

perturbation Av S such that the det M(vs) = det M(vg o + Av s) =0 and IAVS/VSOI <1,
For lAvS/vSO‘ X1

- 4 .
detM(v) = detM(vSo) + & [detM(vs)] . Av (32)

+O[(AVS)2]=0 ,

whereupon neglecting terms O[(Avs)z] yields

det M(vso)

Av = - . (33)
s E?T (det M(v,, ))
S (o]

Expanding det M(vso) about the last column (which has only two elements) gives

M, K
Av_ = 46 (34)

L s 7. 7
M, (detN)’ - Mgk ' MK

where the quantity K in (34) is the minor of the element M 46 in the matrix M,
the primes denote differentiation with respect to Vgr and all quantities are

evaluated at vg o In obtaining (34) explicit use has been made of the fact that
det N(vso) =0.

The derivatives of the determinants employed in the perturbation proccdure
are calculated numerically. The derivative of the matrix element M 46 Vas
obtained analytically.
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In both methods of obtaining the complex velocity A the functions involved
(matrix elements and minors of the matrix M) contain 0 as an independent
variable which in turn is a dependent variable with argument Vg Equation (28)
shows that there is an ambiguity in the sign of Q. The resolution of this
ambiguity leads to the particular character of the piezoelectric surface wave.

The variation of the surface wave in the direction of propagation is
assumed to be bounded in the positive (x1 = +) direction of propagation. This
assumption imposes the requirement that Im [VS] =z 0. Consequently, the sign
of 0¢ must be chosen such that this condition is satisfied.

Since A and Pg are positive real it can be shown that

+

Re l—- Oé—-i 20

L s

where aﬁt) denotes to the values of a from equation (28) corresponding to the
positive and negative signs of the radical. Consequently, if agﬂ) is required to
obtain a root Vg such that Im [vs] 2 () the corresponding surface wave is of the
leaky type. On the other hand, if a§+) is required to obtain a solution of
the determental equation the surface wave is evanescent in character. In all
numerical cases considered the surface wave was a leaky wave.

In the prcgram described in the following section, two values of input
velocity are required depending on the program option used. 1f the perturbation
scheme is used,a very accurate value (at least 6 place accuracy) of velocity
must be input. This value is to be computed from the existing surface wave
program wherein the dielectric constant of the fluid medium is substituted for
that of free space (outside the crystal medium). On the other hand, if the
root finding scheme is employed only a reasonable estimate of the complex
velocity is required.

A final word of caution is in order regarding the use of the computer
program. In checking out the various options available with the program, it
was found that if the leaky wave velocity is 4 small perturbation on the surface
wave velocity in the absence of the fluid medium, then the use of the perturbation
scheme led to more reliable results than the root finding option. On the other

hand, if the fluid medium significantly loaded the substrate material, the root
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finding scheme gave good results whereas the perturbation scheme (as would
be expected) gave erratic results in some cases. The former differences stem
from the fact that the change in the velocity due to the air loading is on the
order of the errors incurred in the root finding scheme while the latter are due
to the approximations inherent to the perturbation procedure.

7. Surface Wave Propagation in an Isotropic Elastic Film on a Piezoelectric
Substrate

This section gives a brief description of the theoretical analysis of surface
wave propagation on a semi-infinite piezoelectric substrate with a contiguous
| isotropic dielectric-elastic layer, as shown in Figure 3.

The substrate is assumed to be a completely general piezoelectric (or
non-piezoelectric) crystal medium with arbitrary surface normal direction
relative to the crystal axes of the medium. The material layer adjacent to
the substrate is assumed to be a general isotropic elastic medium with isotropic
dielectric properties. Only pure modes of propagation are considered, that is,
leaky surface waves or evanescent (or cut off) modes of propagation have not
been accounted for in the computer program.

|
| l vacuum

isotropic elastic medium

h
>
\ . \ \
piezoelectric crystal
\ medium
\

Figure 3. Semi-infinite Piezoelectric Substrate with a Contiguous Isotropic
Elastic Layer.
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The coordinate system employed in the analysis is illustrated in Figure 3.
The piezoelectric crystal medium occupies the region X3 > 0 and the direction
of propagation is assumed to be in the X, direction. The fields in both the
crystal and layer are assumed to be independent of the Xy coordinate. Arbitrary
orientations of the crystal surface with respect to the crystal axes are
considered as before by an Euler Transformation. Inasmuch as the dielectric
layer is isotropic, both from an elastic and an electromagnetic point of view,
the quantities characterizing the medium are invarient under coordinate

transformations.

The analysis pertaining to the crystal or "substrate” medium is identical
to that described in Sections II.1 and II.2,

The elastic properties of the dielectric layer are described in terms of
two elastic constants, A " the modulus of compression or Lame's constant,

and p the shear modulus. Inasmuch as the layer is non-piezoelectric the
differential equations for the mechanical displacements and electric potential

decouple and assume the form
b PO+ tpgv @ D=0, T, -h<xy<o (35)

and

where U = (UI'UZ’U’;) and p d is the density of the dielectric medium.

In the dielectric medium the assumed displacement waveforms may be
expressed as

-aduucs/vs ejw(t-xl/vs)

U=84 € , i=1,2,3 . (37

1
Substitution of these waveforms into the differential equations (35) yields a
linear system of homogeneous equations in the unknowns 8 a1’ B a2 and B a3
The existence of non-trivial solutions requires that the determinant of the
coefficients of the system vanish thus leading to the following classical
equations for normalized transverse wave numbers o in terms of the velocity

Vor namely,
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-pyV
(1,2)  + _ Pd " "d's 38
a = a, (shear) = + (38)
d d V iy

A+2u,-Pwv
d d d
0-513’ 4 _ a,i (compressional) = + Aq F2ng >

(39)

and

o510 o1

since the shear mode is degenerate for an isotropic elastic medium.*

Finally, in the dielectric medium, the two independent solutions of (396),

. -jox, /v soes s . .
assuming e Jux, /vs variation in the X, direction, are

* (ux3/vS ejw (t-xl/vs)

®,2%Cp 2 € . (40)

In the "free space” region -» < X < -h there are no mechanical displace-
ments but a potential function exists and must satisfy the differential
equation (36). In addition, the requirement that the potential be bounded as
X = -=is imposed. Therefore, the form of the potential is taken to be

WX, /v,  ju(t-x,/v.)
e33e 1'"s

®, = Cy . (41)

The total displacement and potential waveforms in the piezoelectric
crystal are expressed as linear combinations of the "partial” fields associated
with the allowed values of 0.+ Denoting these values ag’), 1=1,2,3,4, the
displacement components and potential may be expressed as

*The term degenerate is used here in the sense that in the characteristic

equation for the normalized transverse wave numbers q. (for example, corres-
ponding to the determental equation (3) for the general piezoelectric crystal)
the roots of1) and a{2) are double roots and hence two linearly independent
eigenvectors can be defined for each distinct value.
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() .
ule)- 5‘g B 6D e ey W) s,
) 1
=1 (42)

( )ux /v jw(t-x /v)
o= );, 5 g (L) 3 1'Vs .

In the dielectric medium the total displacement components assume the form
1) .
6 -a( X, /v, jut-x,/v.)
u@- ), pWpd o7 TS ST i3, @)
R 753 | i
while the total potential is given by

WX,/ V “WX, /v jw(t-x./v.)
d e 3 S4C,e O Sle 1F (44)

In the free space region the total potential is given by equation (41).

The as yet unspecified ampiitude coefficients BU“), 1=1,2,3,4, ;Dw,
1=1,2,...,6; Cl; Cz; and 03 are determined, to within a constant, together
with the surface wave velocity Vg by the following continuity and boundary
conditions:

(i) Ul' UZ’ and U, continuous at X3 =0
(i) © continuous at Xg = 0 and Xg = -h

(iif) Continuity of the normal component of electric displacement
2t Xg = 0 and X3 = -h

(iv) Continuity of shear and normal stresses (T31, T32, T33)
at xq = 0

(v) The surface Xg = -h is stress free (T31 =T T33 =0).

32°
The components of the electric displacement vector D are given by

D,

i“Cke Ykt Pk 0 1=LZ3 x320

D:decp 'h"Cx3<O ,
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and

B: echp x3<~h

The components of stress T31, T32, and T33 are given by

T3i = CaaVk, 1 P %3Pk ° i=L23, x3>0
T3y =#qWUy 3 U3 1)
T35 =0aUz, 3 h<xg<0 .

Ta3 =g+ 29 Ug 3+ AU

Application of the continuity and boundary conditions (i)....(v) to the
total displacements and potentials (40), (41), (42), (43), and (44) leads to a
system of thirteen linear homogeneous equations in the thirteen unknown
amplitudes BY, ¢=1,2,3,4, DY, 1=1,...6, ¢}, C, and C;. The
equation for the surface wave velocity v s is obtained from the condition for the
existence of a non-trivial solution of this system of equations, namely, that
the determinant of the system vanish. The explicit forms of the coefficients
Lij , i,j=1, ...,13, of this system are contained in Appendix III where the
appropriate boundary conditions represented by each row of the matrix are
indicated.

If the substrate is non-piezoelectric, modifications of the foregoing
analyses identical tot hose described in Section II.1 are required. In this case,
the characteristic equation for the surface wave velocity is the determinant of
a (9 x 9) matrix comprised of the coefficients of the amplitudes D(O, t=1,...,6,
and B(L), 4 =1, 2,3 in the homogeneous sysiein of 9 equations in 9 unknowns
derived from the boundary conditions given above upon neglecting the electric
field and setting the piezoelectric constants equal to zero.

Degenerate Cases (Piezoelectric Substrate)

The same degenerate cases arise as those considered in the preceeding
sectidns and the selection of B's proceeds as before.

For case (1) (Section II.2) solutions are sought wherein U 1 U3 and @
only exist in the crystal. This type of solution uses only the o values which

B RN WOy




41

lead to B, = 0 and B, 53, and B 4 hon-Zero. Also in this problem solutions
where U2 only exists in the crystal must be considered (e.g. Love waves or
the piezoelectric perturbations thereof). This solution stems from the root
o. which leads to non-zero B2 and zero Bl' 83, and B,.

As in the previously considered degenerate cases the determinant of
the boundary condition matrix f, factors into the product of two determinants.
The determinant which corresponds to the Ul’ U3, ¢ solutions is denoted M
and assumes the form,

Ly Lig bz Ly Lyg Lyg Ly Lyan Ly p2

L o emws  amme e Mmmms  wetem e empee e apme r—

31

L e e ey e e e - e w——

41
L6y

L v e mmw e e e e emae e ewwn e

M= | T

I e — op— — — ——— Dt — — —— ——

91

L — — ewma emms  wwm s e e e e —

10,1

by, - - - - - - - - - -

L ——— w—— ——— v — —— ———— — —— — —— !

12,1

by, - - —— = — — = - -

L1313

The solution for the U2 case depends upon existence of zeros of a determinant
N where N is a (3 x 3) determinant.

Lys Lgg Loy
N=| Lss Lsg Lsy .

Lgs Lge Lg7

For case (2) (Section II.2) solutions whereia only U 1 and U3 exist are considered.
This type of solution uses only those c's which lead to zero 82 and 84 and non-
Zero Bl and 83. Solutions where only U2 and @ exist also must be considered.
This solution employs the a's which give non-zerc 32 and 54 but zero B, and 83.
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The solution for the Ul' 03 case depends upon existence of zeros of a
determinant P (6 x 6), where,

L L L

n by Iy L

L L

14 17 18

I — — —r— w—— —— om—

31

L,, — — e — -

41

by — — — = = -

Loy == — e e— e

71
L

81

The solution for the U2, U 4 case depends upon existence of zeros of a deter-
minant Q (7 x 7), which assumes the for:n

L L L L L L

26 29 2,10 2,11 2,12 2,13

L ——— — — — — — — — —_

55

L —_— e e e e e e

85

L — — — — — — — — —

Q=1 Lo,
1

~25

‘11, 5

L —_ — m — m e e e

12,5

L —_ e e e e e —

13,5

Degenerate Cases (Non-Piezoelectric Substrate)

The degenerate cases U 1’ Ug, only or U2 only involve one o with zero
8 1 133, and non-:ero b‘z and two ao's with zero BZ and non-zero By 83.
The U 1’U3 case requires the investigation of the roots of a determinant of
the same form as P except for relabeling the columns due to a relabeling of
the o's. This determinant is designated R and has the form,
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g

| Ly Ly Lyg Ly Ly Ly

% bygy — = — = = -

v L ——— m— a— ——— ——— —

é o | e

by — — — — — -
lbg = — = = = =
by — = = — = =

Solutions with U 2 only (Love waves) lead to the consideration of the roots of a
determinant which is identical to N,
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II. ANALYSIS OF AN ELECTRIC CURRENT LINE SOURCE ABOVE A
PIEZOELECTRIC HALF-SPACE

In this section a stuay is made of the excitation of piezoel:ctric waves by
means of an interdigital electrode transducer. Arbitrary crystals and crystal
orientations are considered as in the preceeding chapter. The probicm is
treated from a field theory point of view and is case in the formalism of a
Green's function solution. Due to the complexity of the problem it is
expediant to make some simplifying assumptions before the analysis 1s
attempted, Consequently, it is assumed that the coupling between the individual
strips can be neglected and that the current on the strips can be approximated by
an assumed current distribution. Furthermore it is assumed that only current
flow normal to the array is of importance in exciting the piezoelectric waves
and that the strips of the array can be considered to be of infinite extent thus

reducing the problem to a two dimensional one.

With these assumptions in mind the Green's function sought is one for
an infinitesimal two dimensional electric dipole above a piezoclectric substrate

as illustrated in Figure 4.

Two dimeunsional dipole (extending to
*®in y direction)

-
Vacuum (x40 25)

4/ // / //

/ ' +/ Piezoelectric

, / medium /
/! / y
/ / / /
Figure 4

x—‘

The dipole is located at X1 2, and extends to %« in the y direction, It
is oriented in the x direction. The crystal fills the region z =0 whilc a
vacuum exists in the region z > 0. Assuming an I time dependence, the

equation for the electric field in the vacuum is as follows:

VxVxE =Jupof+w2p013 . (45)
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For the two dimensional dipole f =0 X 6(z-z o) G(x-xo) and equation (45) reduces !
to

PR+ 2B j 1+ 2T
0 ]upo k2
[o)

where 1 is the unit dyadic, lr.o = 2n/ A and A, is the free space wavelength.
Setting E= (1+ W/kcz)) -Gitis easily seen that

- 2= . " -
V26 + K26 = ~jup 6(zz) 8x-x) T - (46)
A particular solution to equation (46) is

] k -k |zz | i (x-x )
= 'Ux zTT e dkx . 47

~k
X

A particular solution for E (viz, E ) is derivable from G and in the region
0<z< z, the following expression results, namely,

© 2 - PR
B i [ W1k2@Z) K G
P L 40 -Uxf VI'KZ e L P A

kK ~ I |<
(o] 0

e . 2 - = I s
-j41-KZ (z-z ) jK (x-xo)
o1 / ] X o X
Uzj kK e e de (48)
-
E. - E, .
=PXyg +-P2y
ko X ko z

where K =k /k , X = k X, andz = k z. A solution for the total electric field

may be obtamed as a superposmon of Ep and a general solution of the homogeneous

equat.on VZE + kgE = 0. Thatis, in the region 0 <z < z, E may be written in

the form -
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X

-] p AR— — -
E E ALK (z-2 ) K _(x-x)
x:._!?_x_-i-f B(K,) e R
o
-0

o K2 G3) K 3
E VKL EzZ) ]Kx(i-xo)
EY—= AJK) e e dK (49)
(o] X
o -0
E. E ® K */1—1{2—‘(“) x-X)
/i Z-Z I (XX
== = ] B(K) ———— e! X O X dK
(o o > 1// l-sz
X

where Ao(K x) and BO(K x) are functions of Kx which are determined through

the application of the boundary conditions on the total ficlds at z = 0.

In the crystal medium (z <0) the mechanical displacement ficlds and

the electric fields may be expressed as follows:

[ -K_@ZZ) K. (RX)
— , V4 (o) X [¢]
U, = J UK e e d
>

K i=123
X

(50)

k_
o

E. ” -K.(Z-Z) K. (*X)
‘_/ k) e T e ® °d1<x i=123

When the above integral representations are substituted into the differential
equations for the crystal, viz.
Cijke Yk, i ™ &kijBx, 1 = Y; j=1,2,3
) (51)
VXVxE =wpD

there results a lincar system of homogenecus cquations for the amplitudes
Ui(Kx) and wi(Kx). The determinant of the coefficients of U.l and lb'.l must vanish
for a non-trivial solution to exist, namely,

.
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In the above equation C is the velocity of light. Expanding this determinant
leads to a 10'th order algebraic equation for K L3852 function of Ky.

For a given K X in the range -® < I(x <o there will be 10 values of Kz
satisfying the determinental equation but only 5 will be admissable (represeniing
field solutions that are bounded as z — - and have the form of out going
waves in the region z <0). For each usable Kz it is necessary to solve the

homogeneous system for the corresponding field amplitudes Ui’ llli .

Thus Ui and Ei can be expressed as follows:

KW E-z,) KRy

® s
U, = / nz=1 AKIUD & ) e oK
o . (n)—-— L, e
E. 5 -jKYNz-z ) K _(x-x)
T<‘1=/ Zl AK) ¢§“)(Kx) e 2 e X © K
0 J_o D=

where An(Kx) are unknown amplitude coefficients to be determined by an
application of the boundary conditions. The magnetic field in the crystal
medium and in the vacuum can be written in a similar fashion and is derivable

from the equation

VXE-= jprH .

The boundary conditions imposed on the field solutions at z = 0 are as
follows:

Continuity of T3j ji=1,2,3

Continuity of E L and E2

Continuity of H, and Hz .

The imposition of these conditions leads to the following set of cquations
in the amplitude coefficients Ao, B, An' The limiting case Eo =0 has been

taken in the following since the electrodes will be located on the crystal surface

atz =0,
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Continuity of T3; i=12,3

n=l

+ [, Coe- Jx(“)c35] vl .

Z (k. c,, JK(n)C45]U(n)+ [iK,C
=1

+[K C, - j1<;(;‘)c3 ,] Ug‘)-

Zl {[K,C - KK ")035]U(“)+[31< C, ng“’c34]U§“’

+[K Cye- jxgn)c334 U‘“’ I

Continuity of E],E9
S M
M, .g .1 [Fo, [7
Z ‘1’1 An By = dn A€ le
n=1 o
5
\ W n)A ..A -
d =
nél 2

Continuity of Hy,Ho

5
(n) ,(n) Y -
ngl K77 A+ 1K A =0

> 68 4 4y +r. 2 .. <
2; V17 +iK ¥31A Lu-xx+1~——

i {[K,C, - JK(n)Css]U(n)-l- [iK Cqf- jK(n)C sJu®

1547~ g5t - egsi ) 4 =0

P (.)) (n)
K, Cygl UG

33"’3 ]A 0

) A =0 (54

(55)
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In practice the solution of equations (54), (55), and (56) would be
periormed numerically on a computer as a function of Kx'

The integral expressions for the total mechanical displacements and electro-
magnetic field components follow from the solution of the system of equations
described above. An asymptotic evaluation of the resulting integrals may be
employed to obtain formal expressions for the physical quantities of significant
interest such as the surface wave fields, power in the surface wave, total
power input to the crystal by the transducer, and the bulk wave scattered
amplitude pattern. The expressions for the aforementioned quantities are very
formidable and would require an extensive amount of numerical computation
to obtain even limited information. Consequently, it was decided to abandon
this approach and the numerical implementation of the theoretical analysis was
not carried out.
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Iv. COMPUTER PROGRAM OUTLINES

This section describes the use and programming format of the computer
programs which were written to implement the numerical analysis of the various
surface wave propagation problems described in Section II.

1. Surface Waves on Piezoelectric Crystals in the Presence of Infinitesimally
Thin Electric and "Magnetic" Conductors

This computer program is divided into two parts: Part A is concerncd
with an isotropic elastic conductor (such as gold) of finite thickness above a
piezoelectric substrate (such as lithium niobate); Part B i5 concerned with an
infinitesimally thin electric or magnetic conductor above a piezoelectric
substrate. All information necessary for the operation of the pr: gram is
described below. For example, an initial guess of the surface wave velocity is
required. From this information, the program refines the initial guess,
resulting in a velocity accurate to input specifications.

The program is set up to run on an IBM 7094, and the form of input is
FORTRAN Namelist input, Although it is discussed in this document, it is

suggested that those not familiar with Namelist input read the appropriate
sections in a Fortran manual.
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The $ID and $TCP control cards must be supplied by the user; the remaining
control cards are already in the program deck. The data deck (i.e., the input
data for the program) utilizes Namelist input. Two input sections are required:
the first describes the parameters of the substrate crystal; the second provides the

4

remainder of the information necessary for the execution of the program.

The first data set is called CONST. This set includes the piezoelectric,
elastic and dielectric constants. Column 2 of the data card contains a dollar sign ($)
and columns 3-7 contain the letters CONST. The constants begin in column 9 of the

first card and continue up to column 72; they then continue to columns 2-72 of each

succeeding card for as many cards as needed. The general form of the data to be

input is:

Variable name = lst value, 2nd value, ..., last value .

For example, the piezoelectric constants (eip)’ called P in the program, could

be input as:
P = 0.,0-,0.,00.3.7, “2.5’ coo,Oo 9

There are 18 piezoelectric constants and they should be input in the following

order:

B
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t.e, P=e¢e

In the program the transformed piezoelectric constants ci’J arc printed

11? €120 *° s €360

out as

E| =ej
E, =e3
By =eyy
Ey =egs
Es =€
B =e3)
E; =e33
By =e3,
Eg =e35
Ejp=e36
Ejp1=egp
Ejp= 3
Ej3=ey
Elq4= €3
Eis= e
Bl = €5
E ol
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The transformed constant eéz is never used and therefore is not printed

out,

The elastic constants (C pq)’ called G in the program, are next.
Immediately following the comma (,) behind the last piezoelectric constzat
(excluding blanks), print:

G=
followed by the 21 values of the elastic constants in the following order,

separating each variable by a comma:

i

Caz
33

12

C
C

Ci3

Q

34

Q O O O 0O O O O
O S
h oo o . = O

&

————

Py




as:

C, =¢n
C, =¢3
Cy =¢cy4
Cy =cy5
Cs =c3
Cg =Cay
C; =c35
Cg =<3
Cy =4y
C10= 45
Cy =S4
Cjp=cs5
C13 = 56
C14 = 66
C15= <16
Ci6= 12
Cy7=C5
C1g= 26
Cio=Cy4
C20 = €23

The transformed constant c2'2 is not used and therefore not printed out.




The dielectric constants (eij), called EPS in the program, are the last constants
to be entered. They should be entered following the comina after the last value of
the elastic coefficients, as

EPS =

followed hy 9 values of EPS in the following order, separating each variable by
a comma:

‘1

€12

3

13

€1

Lol
T

22

€23

€31

€32

€33

In the program the transformed dielectric constants ei’j are printed out
as:

Ty =i
T,= %13
Ty= ¢33
Ty=
T's = €53
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The transforn::d constant eéz is never used and therefore is not printed
out.

After the last value of EPS, namely 633, print a dollar sign ($) instead

of a comma. Thatis,

PS = . €

4PS = €1 €12 “13 a1 2 23 31 32 %33% -
This signals the end of the first data set.

The second data set is called "INPUT." $INPUT must be printed in
columns 2-7 of the next card (following the EPS data). Then each input
parameter should be entered, followed by a comma (except tlie last value,
which should be followed by a dollar sign, $). The following is a definition of
each input parameter (unless otherwise stated, the input parameters will refer
to both Part A and Part B):

Y I

vete mtfl T AOa, L
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Input Name Bauation Names
MUA p Part A)
LAMDAA A(Part A)
RHOA p

LAMDAB A (Part B)
MUB p ‘Part B)
NUB v (Part B)
RHOB p (Part B)
VS vs

KS ks

EPSLON €

WH uh

WXA uxa (Part A)
WXB e, (Part A)
KL K L (Part B)
KM Ky Part B)

Definitdon

Lame!s constants for elastic
conductor

Mass density of elastic conductor
Euler Angles

Mass density of crystal

Initial guess to a velocity. This
initial value will be used to find a
final velocity, Vg such [f(vg)| <&,
where € is input.

Can take on two values:
k; =0 for Part B
kg = 1 for Part A

A positive number used as a conver-
gence criterion. When|f(vs) | <€, then
Vg is assumed to be the root required.

Normalized height of conducting wall
or magnetic wall (Part B)
Normalized thickness of elastic
conductor (Part A). To input

wh ==, set WH > 1010,

Normalized distance into elastic
conductor :

Normalized distance into crystal

K}, is normally 0. However, if the
electric wall case is being run

(see K)y) and if wh = 0, then K1, should
be set to 1,

This can take on two values: .
KM =0 electric wall
KM =1 magnetic wall

Lt AL,
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Input Name
MAX

ICHECK

DVS
VSMAX

EPSO

wX
DNU

NUMAX

DWX

Equation Names

ux (Part B)
AV

max

61

Definition

Since ar. iteration scheme is used for
convergence for a final root vg, there
must be an indication of how many
iterations are to be executed before
divergence is assumed. Hence, MAX
should be the maximum number of
iterations the user wishes the program
to make (usually 10). If MAX is set

to zero (MAX = Q) the determinant
[£(vs) | will be evaluated for the
particular vg value input — the iteration
scheme will not be used. This option
may be useful if there is difficulty in
determining the range in which vg lies.

A logical parameter which controls the
use of a checkout option. If ICHECK =
FALSE., all FINAL ANSWERS* are
computed in addition to the evaluation
of the determinant |f(vg)]. If

ICHECK = .TRUE., FINAL ANSWERS
are not computed — evaluation of the
determinant only., This option was
included for use when MAX = 0.

Increment to be used for vg when
ICHECK = .TRUE. (DVS 2 0.)

Maximum value of Vg to be used when
DVS #0.

Permittivity of free space

Normalized distance into crystal

If the user wishes to vary v (NUB)
from some initial value, v, to some
final value, vpax, in steps of Av, then
set DNU equal to the steps desired;
also, see NUMAX.

The maximum value of Vv (sce DNU).
Vmax is only used when DNU #0,
An increment for ux, similar to DNU.
If DWX = 0, then ¢ is not incremented.

*The FINAL ANSWERS consist of the partial field relative amplitudes (Eta), stress
components, strain components, time average power flow, electric and
mechanical displacements, electric potential, and electric field.
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Input Name Bquation Names

WXMAX

TITLE

REPEAT

HXAGNL

VSINC

Definition

The maximum value of ux (see DWX).
WXmax is only used when DWX # 0.

An alphanumeric array of 24

characters or less used to describe the
type of crystal, such as lithium niobate.
This is input in the following manner:

TITLE = nH name of crystal, where n
is the number of characters following
the H (including blanks). For example

TITLE = 6HQUARTZ

RBPEAT is a logical variable and in
its usage, can take only one value:

.TRUE.

If there are no more cases to run after
the current case, REPEAT does not
need to be input. If there will be
another case to follow, but the crystial
coefficients remain the same, then,
again, REPEAT does not need to be
input, However, if another case is

to be run and the coefficients are
different, then REPEAT needs to be
input as .TRUZ. This means that the
$CONST data will kave to be input
again (in the other cases above,
$CONST wouid not have to be input
again).

Parameter which controls the calculation
of betas (B's) for a hexagonal crystal
(such as zinc oxide)

.TRUE. hexagonal crystal (use
special technique)

FALSE, non-hexagonal crystal
(use normal procedure)

VSINC = ,TRUE. — New estimates of
initial velocity (vg) are computed using a
linear fit to the two previous values.
(Used when NUB varies over a range

NUB, NUB +DNU, ..., NUMAX)

VSINC = ,FALSE, — The same initial
estimate of velocity is used for all values
over the specified range of NUB.
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The following input parameters are all logical variables which are
assumed to be false (.FALSE.) in the program. They are used as switches
indicating whether or not intermediate calculations are to be printed. If any
one, or any combination of these parameters are input as true (.TRUE.), then
certain intermediate data will print, according to the following:

ROOTS Print the roots of the polynomial each time they are calculated.

COEFF Print the constants E, C, and T (the transformed piezoelectric,
elastic, and diclectric constants) calculated from the constants
P, G, and EPS.

DETERM Print the L matrix and the value of the determinant,

PCLY Print the coefficients of the 8'th order polynomial.

BETA Print the values of B 4§

ALPHA Print o A's, Part A.

ALL Print all of the above.

The manner in which the above listed parameters in the $INPUT data set
are input is best illustrated by an example (assume Part B is being run):
$INPUT MUB = 90., LAMDAB = 90., NUB = 100., RHOB = 4700.,

VS = 3400., KS =0, EPSLON = 1,E-11, WH=0, KL =1,

KM =0, WX =0., DWX = 10., WXMAX = 100.,

title = 1SHLITHIUM NIOBATE
wh is zero in the above example. To input uwh = *, set uwh > 1010. Note that
some of the values discussed in the list are not present in the above example.
This is because either they are not required or the program assumed nominal
values. A nominal value is a value that a parameter will take on if no other
value is input. In the above example, MAX, EPSO, and DNU take on their
nominal values of 10, 8.85 x 10~ 12, and 0, respectively. It is not necessary
to input NUMAX since DNU = 0; all parameters referring to Part A are not
necessary since Part B is being run; and all the logical parameters take on

their nominal value of false. The following is a complete list of nominal values:

RN I
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Parameter

LAMDAA
RHOA

\L
EPSLON

EPSO

Nominal Value
2.85 x 1019

1.5 x 101
1.888 x 10
3000 .

1x 10.11

0

9

10

8.85 x 10”12

0
0
0
iSHLITHIUM NIOBATE

.FALSE.

A
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Sample Data Decks:

The following sample data deck, illustrated on the attached code sheet,
gives an example of three data runs: the first is a 90-90-100 degree cut of
lithium niobate. The second is the same, except for a new value of vh. The
third is a 0, 0, -90 cut of quartz (note that REPEAT is set to true in the second
case, just prior to the case when new coefficients are to be input).
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The following is a description of the program flow diagram provided

at the end of this section.
(1)
First, the nominal data values are set up in the program. These values

are assumed by certain parameters in the program unless new values are
specified. Following this the program reads in the elastic (G), piezoelectric
(P), and dielectric (EPS) constants (CONST DATA) of the substrate medium.
Finally, the remaining input data is read in (INPUT).

Next, subroutine SETCTE is called to perform the Euler tran:formation
to obtain the elastic (CC), piezoelectric (CE), and dielectric (CT) constants
relative to the input coordinate system as specified by the constants A, y, and
v. At this point subroutine ROOT is called to perform the calculations leading
to the evaluation of the determinant of the boundary conditiou matrix (L. marrix
of the analysis). The determinant is referred to as F(VS) since it is evaluated
as a function of velocity (VS).

There is an option in the program to use a root finding scheme to minimize
|F(vs)| or simply to increment VS in steps of DVS and calculated F(VS) at each
value. To perform these various calculations at a particular velocity (VS)
ROOT calls subroutine F which is described in detail below (in Determination
of F(VS))

After exiting from ROOT and returning to the main program logical
checks are made to establish the type of case considered in ROOT. Depending
upon the results of these checks the values of the amplitudes of the partial
surface wave fields are computed (A«’) of analysis section). In the program
these are called ETA(l), ETA(2), etc. The program now proceeds to compute
the magnitude (MAG U(l) ) and phase (PHASE U(l) ) of the mechanical displace-
ments (U(1), I=1, 2, 3) and electric potential (U(4)). Next subroutine PIFUN is
called to compute the time average flow (P1M,P2M) followed by the computation
of the stress components (TW31, TW32, TW33, TW11, TW12, TW22) in
subroutine TFUN. Subroutine SFUN then implements the calculation of the
strain components (511, S33, S12, S13, S23). Finally the electric field
(E1, EJ) and electric displacement (D1, D2, D3) are computed. All the above
quantities are evaluated as a function of normalized distance (WX) into the

crystal. They can be computed at incremented values of WX for any specified
initial and final values.
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The velocity (VS) can be incremented if desired (up to some specified
maximum value, VSMAX) and the steps in ROOT and that which follows are
repeated for each new velocity. Thus it is possible to plot the determinant as
a function of velocity. After VSMAX is reached there is an option to increment
the third Euler angle (NU) and repeat the steps from SETCTE on. When this
has been completed the program returns to read in new CONST DATA if the

crystal is being changed or to read in new INPUT DATA if the crystal is tv remain

unchanged but the orientation is to be changed. After all data from both sources
has been exhausted the program stops.

Determination of F(VS)

Subroutine F calls subroutine STRIP to compute the coefficients of the
eighth order polynomial equation in a.* Next subroutine CROOT calculates
the 8 roots (ALFA(I), I = 1,8) of the polynomial equation by Muller's method.
If the medium is non-piezoelectric the solution for the roots involves two
extraneous roots which are rendered useless by setting them equal to -10-10j.
The roots with positive real part are chosen (ALFAB(I), I=1,K).

If the medium is piezoelectric and the number of roots with positive real
part (K) is equal to 4 the. program proceeds to calculate the relative amplitudes
(BiL) of the analysis section) of the displacement and potential corresponding to
each a. These amplitudes are referred to as BETAB(I,]) in the program. The
matrix (ACAP, A for simplicity) of coefficients of the amplitudes (Bi(&) ) is
set up for. each a. If the crystal is not hexagonal non-degenerate cases are
solved by setting B( ) = 1 and solving the first three equations of the system for
B(L i=1,2,3, If the crystal is hexagonal one of the a's naturally leads to an
ill-condiuoned system if the first three equations are solved for B(L) B(L)
and Bg') in terms of B‘(;') . Thus B(ll’) is set equal to 10710 and the system
composed of the second, third, and fourth equation are solved for B({‘) B«‘)
B(L) . If the case is degenerate the B( ) !s are calculated in the fashion indicated
in the analysis.

If K < 4 the procedure for calculating the Bi«’) !s is dependent upon'the value
of K. If K =1 the case terminates since no solution is possible with only one
available value of a. IfK > 1, Alz and .7\23 are investigated to see if they are
identically zero.

*See Appendix IV,

ke
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If either 3.12 or 323 is not identically zero the case cannot be degenerate.
The program proceeds in one of two possible ways. If the crystal is non-
piezoelectric and K = 3 the B({’) 's are calculated as indicated in the analysis
(i.e. Bg’) = 0, B( ). 1 and the first two equations of the system are solved for
B({') and B('{') ). If either K # 3 or the crystal is piezoelectric the case
termmates. This is due to the fact that if the crystai is piezoelectric and

non-degenerate, four a's are necessary for a solution in the general case.

If both Alz and 3.23 are equal to zero, the non-piezoelectric case is
degenerate and is treated as follows. IAZZI is calculated for each value of a.
For K = 2 it is necessary that If\zzl be non-zero for both val:es of a (due to
the large magmtude of the mdlvxdual terms in A22 it is sufficient to compare
|A22| to 10 ) If |A22| > 107 for both values of & then we may set

‘ A
Btk o, 8" = 10710, ana M - - 1 1070
Ay

Otherwise the case is terminated. If K = 3 the minimum value of IKZZI is
calculated and the corresponding « is discarded. The B's are then calculated
for the other two a's from the above formulas.

If 312 and Az3 are identically equal to zero and the crystal is piezoelectric
the program proceeds as follows. A2 4 is tested and if equal to zero the first
degenerate case of the analysis section must be considered. The case is
terminated {f K = 2 but if K = 3 a check is made of |A,,l. 1f [A,,| >107 for
all three a's, the g's are calculated as indicated in the analysis. If
|322| <107 for any of the a's the case is terminated.

If A,, # 0 a check of Al and A34

equal to zero the case is terminated. If both are equal to zero the second

is made. If they are not both identically

degenerate case of the analysis is considered. In this case I;‘ZZ‘K‘ 4 ?\g 4|
(TERM] in the program) is calculated for each a. If TERM] = 10°° for two of
the a's the (Bl’ 83 ) split of E%e analysis arises and the B's are appropriately
calculated. If TERMJ < 10 * for two of the a's the (Bz, B 4) split arises and the
Bts a.e appropriately calculated, Under any other conditions the case is
terminated.

Now that the a's and B's are known the boundary condition matrix (L)
is set up and its determinant evaluated. If the problem of a conducting elastic

medium in contact with a piezoelectric or elastic medium is being considcred




the a's and B's appropriate to the conductor are first evaluated then the
appropriate boundary condition matrix is set up and its determinant evaluated.
This completes the computation of F(VS) whereupon the subroutine is exited back
to the main program.
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AIN PROGRAM
LINBO3

SET UP NOMINAL
DATA VALUES

9

READ $CONST DATA
(PIEZOEL » ELASTIC,
AND DIELECTRIC CONSTANTS
P,G AND EPS)

|REPEAT=.FALSE. |

VS=VSAVE

, KTILtﬂ:Q

(_READ §INPUT DATA )

wo\t: FILE (YES) = ( STOP

(NO)
{
SNU=NUB
SWX=WX

G’JB
@—(.FALSB J)

.TRUE.
( WE )

(K TIME=K TIME+ |

COMPUTE NEW ESTIMATE
) OF INITIAL VELOCITY (VS)
USING A LINEAR FIT TO
THE TWO PREVIOUS VALUES
* T
3
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COMPUTE
TRANSFORMED PIEZO-
ELECTRIC, ELASTIC AND
DIELECTRIC CONSTANTS
(CE,CC,CT)

!

VS0=VS
NT=0 <=~ ~ USED IN CROOT FOR THE ORDERING

OF THE ALPHAS

ROOT /USING AN INITIAL ESTIMATE OF
VELOCITY, VSO, CALCULATE (a) THE
VALUE OF THE DETERMINANT |£(VS0)|
AT VSO (MAX = 0) OR (b) A NEW
VELOCITY, VS, FOR WHICH |f(VS)] IS
LESS THAN EPSLON (MAX > 0)

{

COMPUTE VSI=1/VS§
ALFAL=1/ALFA;

1(VSO)] IS COMPUTED
IN FUNCTION F,
— — — CALLED BY ROOT.

TAIB’I%LATE INPUT DATA, TOGETHER

OMPUTED VALUES OF VS,
£(VS)], VSI AND ALFAI

NON-DEGENERATE CASE FOR
WHICH THERE ARE LESS THAN
| 4a's WITH A POSITIVE REAL
PART - NO SURFACE WAVE
EXISTS SO THE CASE IS

TERMINATED
<iEX¢0)
GOLD LITHIUM
GO COMPUTE AND TABULATE
REGULAR CRYSTAL .
PROBLEM UA®, LBM, I=1,3
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COMPUTE FINAL ANSWERS
(REGULAR CRYSTAL PROBLEM)

Los>

COMPUTE ETA'S

ICASE CASE

0 NON-DEGENERATE
a. PIBZOELECTRIC (NBETA=3)
b. ZEROPIBEZOELECTRIC (NBETA=2)

1 ROW, 3 ZERO

1 a, 4 Abﬂx's
3 b. 3 ALPHA's

4 ROW, 2 ZERO
2 a. 4 ALPHAT

b. LESS THAN 4 ALPHAS
4 1. (1,3) CASE
5 2. (2,4) CASE

| TABULATE ETA'S |
COMPUTE:

PHASE : PHASEU(I)
(1=1,3)

-

PHASE — PHASEU(4)

COMPUTE TIME AVERAGE
POWER FLOW —
(PIM, P2M)

TFU
COMPUTE STRESS
(TW31, TW32, TW33, TWI1,TW12,TW2
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COMPUTE STRAIN
(S11,533,512,513,523)

X

COMPUTE

ELECTRIC FIELD (E1,E3)
ELECTRIC DISPLACEMENT (D1, D2, D3)

¥
TABULATE FINAL ANSWERS

a—

()
¥

WX=WX+DWX

@‘(—(s; WX:WXMA

)
4

WX=SWX

5
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) ——

Eso:vso +DVS

9

(2

DNU (=0)——a-@

(70)

NUB=NUB+DNU

UB:NUMAX> (9 _.._,.@

)

NUB=SNU |

3

(D<—(.TRUE. «@»

(.FALSE.)

1.1
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EVALUATE THE @
L DETERMINANT

FOR A GIVEN
VS JALF=,FALSE.
ICASE=0

ICB=0

Kl=1

K2=4

L1=1

L2=16

IBl=1

1B2=4

1

COMPUTE
COEFFICIENTS OF
POLYNOMIAL

POLY(), 1=1,8

¥

CALCULATE
ROOTS OF POLYNOMIAL

ALFA(l),1=1,8

PIEZOELECTRIC > (NO}—

(YES)

NBETA=2; ZERO PIEZOELECTRIC
NBETA=3: PIEZOELECTRIC

NBETA IS EVALUATED IN SETCTE

< _ .. — USES MULLER'S METHOD

(MULLER,POL)

ELIMINATE THE ALFA
CORRESPONDING TO THE
POTENTIAL

|

(.TRUE.)-

(.FALSE.)

TABULATE INTER-
MEDIATE ROOTS OF

I’ 13.7Y (3 B0

SELECT ROOTS WITH
POSITIVE REAL PART

ALFAB()), I=1, K
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LESS THAN 4 ALPHAS
(K=NO. OF ALPHAS)

| -3

1 ALPHA

NON-DEGENERATE CASE (
LESS THAN 4 ALPHAS

CASE TERMINATED 4c1

+AND. X, FALSE.
c3
| é

(.TRUE.)
IALF-,TRUE.

K12 =0 AND
RETURN Ky3=0

PIEZOELECTRIC

(TRUE.)

(.FALSE.)

(.TRUE.)
A14=0 AND A34=0

DBGENBRATE
4 ROW, 2 ZERO CASE
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DEGENERATE
ZERO-PIE?)BLBCTRIC

11=0

J
cA22-|4), |

T T —=2) é@s)“l

2 ALPHAS 3 ALPHAS
j=1,K ¥
CALC
) 1 CAMIN=MIN(CA22)
11=1141

S —;@

I

ICASE=4
CALCULATE B'S
BETAB(,])
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(=1,K) |

r(<)

11=11+1

?

11=0
120

¥
TERM;=|£,,4, - Ay |

1,3 CASE

ICASE=4

CALCULATE
BETA'S

2,4 CASE

ICASE=5

CALCULATE
BETA'S

b
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DEGENERATE
1ROW, 3 ZERO
&(2) 9
(&) LESS THAN 3 ALPHAS
! TERMINATE CASE
3 ALPHAS
ICASE=3
N1=0 @um‘ ERROR MESSAGE )
1A, 120">¢)
j=1,3 A2 _1

L o N1=N1+1

CASE TERMINATED

[ ¢

CALCULATE
BETA'S
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14
Klzf 0 AND/OR
X23# 0

(.FALSE )——1

PIEZOELECTRIC
NON-DEGENERATE
('TRIUE ) LESS THAN 4 o'S
ZERO-PIEZOELECTRIC £}
3 Aclgus .
]
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NBETA:3 @) ZBRO-PIZ Z0ELECTRIC
= (3 ALPHAS)
PIEZOELECTRIC ET 4thROOT TO ZERO
(4 ALPHAS) ALFAB =0
ROOTS (TRUE)
OOR. L4
ALL i
TABULATE INTERMEDIATE
POSITIVE ROOTS
(.FALSE.) .
L ALFAB Li=1, 4
{

CALCULATE By'S (BETA(L]))
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1 ROW,

SET UP A MATRIX '
4@ @ -
ZERO-PIEZOELECTRIC
(*) -
PIEZOELECTRIC | COMPUTE _
3%,5; FROM A,
(i=1,2,7)=1,3)
<) <kl SET #%=1., =0,
©) ,l
EGENERATE> (NO )~ ——— 2
SCALE & MA k=1,K4
3 ZERO'S 'MATRIX (K4=4:PIEZOELECTRIC)~.,
4 ROW, 2 ZERO (K 4=3:0-PIEZOELECTRIC)

ICASE=2

CALCULATE
BETA'S

J

® _ _ _

EXAGN

(.FALSE.)

y

(.TRUE .)————

SOLVE FOR r{“ (1=1, 3)

USING 1st 3 ROWS OF
A MATRIX

SET &/* =1,

SOLVE FOR §/"(i=2, 4)

SET &=, . 10°10
(=1,

USING LAST 3 ROWS OF
MATRIX

| SET 3{"=1,

|
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ROOTS
ALL (.TRUE.,) —
PRINT OUT
RE-ORDERED ALPHAS
.FALSE.
[
€
BETA
ALL oTRUE-)\—]
PRINT OUT B'S
(.FALSE.)
L
# j
REGULAR CRYSTAL
PROB GOLD LITHIUM
|
CALCULATE L-MATRIX | EVALUATE
G.A'S
BA'S
L-MATRIX
— DETER
RINT SRUBR ALL EVALUATE
ELBMENTS DETERMINANT
OF L-MATRIX
(.F]u.sa .)
T
EVALUATE DETERMINANT
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2. Surface Waves at the Boundary Between a Fluid Medium and
. Piezoelectric Crystal — Program Description

The purpose of this program is to determine the complex velocity of
propagation of surface waves at the interface between a semi-infinite fluid and
a piezoelectric substrate. Input parameters which define the fluid, the

piezoelectric medium, and control the use of the program are described on the
following pages.

The program is set up to run on the IBM 7094, using FORTRAN IV and
Namelist input and the deck set up is identical with that given for the preceding
program.

As in the proceding program, two input sections are required: the first
describes the material constants of the piezoelectric cryscal and the sccond
describes the orientation of the crystal as well as other information pertinent
to the exccution of the program. The first data set is called CONST and is
identical with that presented in Section IV.,1. The following is a definition of
each input parameter in the "INPUT" data set. Medium A rcfers to the
dielectric (elastic) layer and medium B, to the piezoelectric substrate.
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Bquation
Input Name Name Type
LAMDAB AB real
MUB Mg real
NUB g real
DNU Av real
NUMAX Vm ax real
VS Vg real
DVS Avs real
VSMAX Vg real
max
LAMDAA AA real
MUA Ba real
RHOA p A real
RHOB pB real
EPSLON € real
EPSO o real

o s i e —— - =

Definition

Euler angles for Medium B,

If the user wishes to vary v (NUB) from
some initial value, v, to some final value,
Vmax, in steps of Av, then set DNU

equal to the ~teps desired; also, see
NUMAX. (See VSINC)

The maximum value of Vv (see DNU).
Vmax is only used when DNU # 0.

Initial estimate of velocity. This initial
value will be used to find a final velocity,
Vs, such that [f(v.)| <€, where ¢ is input.

If the user does not care to use the root-
finding scheme in determining a final

value for vg, but wishes, instead, to

evaluate the determinant |f(vs)| for particular
values of Vg in the range from vg tovg

in steps of Avg, then set DVS equal

to the step size desired. (For use when

MAX =0.)

Maximum value of vg to be used when
DvVS #0.

Lame constants for Medium A.

Mass density of Medium A.
Mass density of Medium B.

A positive number used as a convergence
criterion by the root-finding scheme
(MAX >0). If |f(vg)| <€, then vg is
assumed to be the root required.

Permittivity of free space.

aonraare Anranaky > awnw




T

T
- -

87

Equation

Input Name Name Type Definition

EPSA €a real Dielectric constant for Medium A.

WH th real Frequency thickness product.

WXA X real Normalized distance into Medium A.

DWXA Aux A real In order to vary ux, (WXA) from an

. initial value, vxp, to a final value

L W DWXA must be sct cqual to the
desired step size. Sece WXAMAX.,

WXAMAX ux real The maximum value of ix, to be used

max when DWXA #0.

WXB wxg real Normalized distance into Mcdium B.

DWXB Auxg real In order to vary uxg from an initial
value, wxg, to a final value, WXB 1ax ?
DWXB must be set equal to the ’
step size desired. See WXBMAX.

WXBMAX g real The maximum value of wxg to he uscd when

max DWXB # 0.

ICHECK ---- logical ICHECK = ,TRUE. - All FINAL ANSWERS*
are computed in addition to the evaluation
of the determinant If(vs)| .
ICHECK = ,FALSE. —~ FINAL ANSWERS
are not computed; evaluate determinant
oniy,

MAX “--- integer Since an iteration scheme is used for

convergence for a final root vg, there must
be an indication of how many iterations are
to be executed before divergence is assumed.
Eence, MAX should be the maximum number of
iterations the user wishes the program to
make (usually 15). If MAX is set to zero
(MAX = 0) the determinant |£(V,) | will be
evaluated for the particular v_ value inpuc—
the iteration scheme will not be used, This
option may be usefu) if there is difficulty

in determining the range in which vg lies.

*The FINAL RESULTS, which are computed for all values of WXA (dielectric
layer) and WXB (piezoelectric layer), include the following:

Stress Components Mechanical Displacement
St'rain Components Electric Potential Magnitude
Time Average Power Flow Electric Field

Electric Displacement

o TR P A resrierdl 20
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Equation
Input Nam¢  Name Type
TITLE -=-- BCD
HXAGNL --=- lcgical
VSINC ---- logical
I0p ---- integer
REPEAT see- logical

Definition

An alphanumeric array of 24 characters
or less used to describe the type of
crystal, such as lithium niobate. This is
input in the followng manner:

TITLE = nH name of crystal, where n is the
number of characters following the H
(including blanks). For example

TITLE = 6HQUARTZ

Parameter which controls the calculation
of betas (B's) for a hexagonal crystal
(such as zinc oxide)

.TRUE. hexagonal crystal (use
special technique)

.FALSE. non-hexagonal crystal
(use normal procedure)

VSINC = .TRUE. — New estimates of
initial velocity (vg) are computed using a
linear fit to the two previous values.
(Used when NUB varies over a range

NUB, NUB + DNU, ..., NUMAX)

VSINC = .FALSE. — The same initial
estimate of velocity is uscd for all values
over the specified range of NUB,

Degenerate case options (used when exactly
four a's with positive real part occur).

IOP = 1 — seek modes of propagation of the
Quasi-Rayleigh or Sesawa type.

IOP = 2 — seek modes of propagation of
Love type.

REPEAT is a logical variable and in its
usage,. can take only one value:

.TRUE.

If there are no more cases to run after the
current case, REPEAT does not need to be
input. If there will be another case to
follow, but the crystal coefficients remain
the same, then, again, REPEAT does not
need to be input. However, if another case
is to be run and the coefficients are
different, then REPEAT needs to be input

S
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Equation o
Input Name Name Type Definition

as .TRUE. This means that the $CONST
data will have to be input again (in the
other cases above, $CONST would not have
to be input againj.

The following input parameters are all logical variables which are
assumed to be false (.FALSE.) in the program. They arc used as switches
indicating whether or not intermediate calculations are to be printed. If any
one, or any combination of these parameters are input as truc (.TRUE.), then
certain intermediate data will print, according to the following:

TABCTE Print the constants E, C, and T (the transformed piczoelectric,
elastic, and dielectric constants) calculated from the constants P,
G, and EPS.

ROOTS Print the roots of the polynomial each time they are calculated.

BETA Print the values of Bij‘

DETERM Print the value of the determinant.

COEFF Print the coefficients of the 8!th ordcr polynomial.

TABL Print the L, matrix (or 13, Q, R, ctc., when used).

ALPHA Print the roots of the polynomial (a%‘s) and the re-ordered roots

for degenerate cases.

ALL Print all of the above.

Data items may be excluded from the input stream at the discretion of
the user, Items omitted from the first data set will take on nominal values
(i.e.: values assigned within the program). Items omitted from succecding
data sets will take on previously assigned values, The following is a complete

list of nominal values:*

*All logical parameters have a nominal value of .FALSE.




Parameter Nominal Value
- LAMDAB 0.
| MUB 0.
1 | NUB 0.
' DNU 0.
) NUMAX 0.
! VS 3000.
? DVS 0.
i VSMAX 0. :
" LAMDAA 1.5 x 101 |
MUA 2.85 x 1010
RHOA 1.888 x 10*
RHOB 4700.
| EPSLON Lx10t '
EPSO ). 8.85 x 10”12 |
EPSA 44,25 x 10712 i
WH 0. 4
3 WXA 0. i |
DWXA 0.
B WXAMAX 0.
WXB 0.
n DWXB 0. ;
i : WXBMAX 0. 3
| MAX - 15.
f TITLE LITHIUM NIOBATE o
¥ IoP 1
E!
3
| | - B .
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The computer program flow described below shares a good many features
of the program described in Section IV.1. As in the preceding programs the
nominal data values are set up first, Next the piezoelectric (P), elastic (G),
and dielectric (EPS) constants are read in (CONST DATA). Following this
the rest of the input data is entered (INPUT DATA).

At this point subroutine SETCTE is called to compute the transformed
piezoelectric {(CE), elastic (CC), and dielectric (CT) constants. Next subroutine
ROOT is called. ROOT performs the calculations and calls the subroutines
necessary to perform the following tasks:

(a) Compute F(VS), the boundary condition determinant,

(b) implement a complex root finding scheme to minimize
|F(VS)| as a function of complex velocity (VS),

(c) perform the perturbation analysis.

ROOT calls subroutine F to perform the manipulations necessary to compute
the boundary condition determinant. F will be discussed in some detail below.

After exiting from ROOT and returning to the main program the trial
velocity (VS) can be incremented if it is desired only to compute F(VS) at
specified velocities rather than implement the root finding scheme or the per-
turbation scheme. When this has been completed the third Euler angle
(NU) can be incremented and all of the steps, from the point where SETCTE
is called to calculate the transformed piezoelectric, elastic, and dielectric

constants, are repeated for each value of NU.

Following this the program returns to read in new data in either of
the following fashions:

(a) If the crystal is to remain the same but the orientation of
the crystal face is changed (new Euler angles) the new
data comes from INPUT DATA. '

(b) If the crystal itself is changed as well as the Euler angles
the data comes from CONST DATA and INPUT DATA in that
order,

When all the data has been exhausted the program stops.

- i e s e vA et e e e e —
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Subroutine F

Upon entering subroutine F a check is made to determine whether the
perturbation scheme is to be used. If it is not to be used, VS is set equal to
VSO (the input value). If the perturbation scheme is to be used a loop is begun
which will allow the numerical derivatives of the various determinants to be
taken by setting VS = VSO + DEL, VS = VSO - DEL and VS = VSO, in that order.
For each of these velocities the necessary determinants needed to evaluate Av s
(the perturbed velocity) are computed., The convergence of the numerical
derivatives is checked by noting the differences in the computed determinants
and Avs as DEL is allowed to take on subsequently smaller values.

The loop is begrn by setting counters INIT and IDX both equal to 1.
DEL = EPS(INIT) . VSO is calculated and VS is set equal to VSO + DEL.
EPS(INIT) is a small number depending upon the value of INIT. Three values
EPS(1), EPS(2), and EPS(3) will be used eventually as a convergence test on the
numerical derivatives, The program now pcoceeds to set up the M, N, and P
matrices as a function of VS (the P matrix is the cofactor of M 46 and its deter-
minant has been referred to as K in the analysis section, K = det(P) ).

When the determinant of che P matrix (DP(IDX)) has been evaluated for the
first time (IDX = 1) a logical check notes that IDX # 3 and proceeds to evaluate
the determinant of the N matrix (DN(IDX)). At this point another logical check
notes that IDX = 1 and proceeds to set VS = VSO - DEL and IDX = 2, The
program then returns to set up the new M, N, and P matrixes and evaluate
DP(IDX) = DP(2). The logical check following the evaluation of DP(IDX) again
notes that IDX # 3 and therefore evaluates DN(IDX) = DN(2). The logical check
following evaluation of DN(IDX) now notes that IDX # 1 as it was before. The
program therefore proceeds to calculate the numerical derivatives ((detN)’ and
(detP)’ ) by the approximate formulas

DNP(INIT), = DN(1)-DN(2) and DPPQNIT), = DP()-DP(2
(detN)’ 2 » DEL (detP)’ 2 . DEL

Next a new logical check notes that INIT # 3 (it is still 1) and returns to the

point where INIT and IDX were originally initialized. It now increments INIT

by one (i.e. INIT = 2 now) and resets IDX = 1, DEL = EPS(2) - VSO and

VS = VSO + DEL are evaluated and all the steps from this point are repeated
until finally the numerical derivatives are again taken with the new value of DEL.

- ———— 2 %

PRV

B rnn B e it A o Sl

+ —— ———




~ r e

93

Again the logical check at this point notes INIT # 3 (INIT = 2) and again the
point of initialization of INIT and IDX is entered. INIT is again incremented by
one (INIT = 3 now) and IDX is reset to 1. DEL = EPS(3) - VSO and VS = VSO +
DEL are evaluated again and the subsequent steps again taken until the
numerical derivatives are taken again at this third value of DEL. The logical
check following the evaluation of the numerical derivatives now notes that

INIT = 3 and thus sets IDX = 3 and returns to the point where VS was first set
equal to VSO, The perturbation loop has been bypassed and VS = VSO is now
used to evaluate M, N, P matrix elements. When the determinant of the

P matrix (DP(IDX) ) has been evaluated the subsequent logical check notes

that IDX = 3 and all the quantities needed have been evaluated. It therefore
proceeds to print out the results. After this the main program is re-entered
to look for new cases.

The steps for any particular velocity (VS) taken to evaluate the elements
of the M, N, or P matrices will now be discussed. First quantities
vsQ = (VS)2 and §X§Q= iuf-{lggl... YSVQSQ are set up. RHOL is the mass
density of the liquid while RHOB is the mass density of the crystal. Next sub-
routine STRIP is called to compute the coefficients of the eighth order poly-
nomial in o just as was done in the first program. Subroutine CROOT is now
called to calculate the roots (o) of the polynomial. If a non-piezoelectric case
is being considered the two extraneous roots are eliminated as in the first
program. The roots with positive real part are now selected (ALFAB(I) I=1,K).,
If K =1 the case terminates, If K = 2 or 3 checks are made of various elements
of the matrix of coefficients (&) of the relative field amplitudes (Bg) )e 312 and
323 are tested to see if they are identically zero, If they are not both
identically zero a degenerate case cannot exist. If the crystal is piezoelectric,
then, there are insufficient a's and the case terminates. If the crystal is non-
piezoelectric and K = 2 the case terminates also (insufficient a's). If the crystal
is non-piezoelectric and K = 3 the appropriate B's are calculated as indicated
in the analysis of the first problem. If, however, 312 and ?&23 are both
identically zero and a non-piezoelectric case is being considered, it is a
degenerate case and is so treated. If the crystal is piezoelectric a check of
Az 4 is made, If 32 4 1s zero and K = 2 the program terminates but if K = 3
the first degenerate case of the analysis section of the first problem has

arisen (B,, B3, By #0, B, =0) and is treated appropriately.

.
A S
dabacat

e -
-




WAL

[ W

A
24
not both equal to zero the case terminates since no degenerate case has arisen.
If both are identically zero the second degenerate case of the analysis section of
the first problem has arisen and is treated accordingly.

is not identically zero a check of Al 4 and 33 4 is made. If they are

If K = 4 and a piezoelectric case is being considered or K = 3 and a
non-piezoelectric case is being considered the f's are derived in the fashion
indicated in the first program. After the B's have been computed the quantity
ARAD = 1 - ThVS— is computed where LAMDAL (A,) is the modulus of
compression of the fluid. If no perturbation scheme is to be used the program
computes ALFAL =4/ARAD" and tests to see if the imaginary part of
ALFAL (Im (ALFAL) ) is equal to zero. If Im(ALFAL) = 0 the negative square
root is taken; otherwise the root is taken so that Im (ALFAL) <0 (this was
necessary in order that a velocity with positive imaginary part result as a
solution). The elements of the M matrix are set up next and the determinant
evaluated (det (M) = F(VS)). If the perturbation scheme is to be used the various
matrices indicated are set up as indicated earlier and the velocity perturbation
Avs is calculated.




LIQUID,

SET UP NOMINAL
DATA VALUES

READ $CONST DATA
PIEZOELECTRIC (P), ELASTIC (G),
AND DIELECTRIC (EPS)
CONSTANTS

| REPEAT=.FALSE. |

| vs=vsaAvE |

READ SINPUT DATA
LAMBDA, MU, NU, VS, ETC,

@ &) B!

et END OF FILE ENCOUNTERED
7 READING $INPUT DATA
| CVM&’%JI}{SMAXI EXECUTION TERMINATED
STOP
VSAVE=VS
EL=ECON-EPSO
EC=-1/ECON
FIRST=.TRUE.

/ SETCTE
CALL SUBROUTINE TO
COMPUTE TRANSFORMED
PIEZOELECTRIC (CE),
ELASTIC (CC), AND DIELECTRIC (CT)
CONSTANTS

|

o
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CALLSUBROUTINETO Y~ ~——---- |f(vs)| IS EVALUATED
CALCULATE (a) |f(vsc)| FOR g‘ gg{‘fg}g{,ﬁ{ o‘gf,!*}CH
MAX=0 OR (b) VS AT WHICH .
|fvs)| < EPSLON FOR MAX >0

Y
VSI=1/VS
ALFALi=ALFA{/VS

i=1,8
L 2
( PRINT INPUT DATA, TOGETHER)

WITH {f(vs)|, VSI, ALFA,
AND ALFAI

(.TRUE.)

—l

(.FALSE.) NON-DEGENERATE CASE
FOR WHICH TERE ARE LESS
THAN 4 ALPHAS WITH A
POSITIVE REAL PART -

NO SURFACE WAVE EXISTS,
SO THE CASE IS TERMINATED

) T

@ NU=SNU

(De—— (:TRUE < FALSE )—(T)
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IALF=,FALSE.
ICASE=0

ICB=0

Kl=1

K2=4

Ll=1

L2=16

IBl=1

1B2=4

INIT=0

(.TRUE.)

(.FALSE.)

12

¥

VS=VSO

PRI AT QAigame
Q1

N

INIT=INIT+1
IDX=1

DEL=EPS(INIT)+VSO

VS=VSO+DEL

J

| RV3=RHOB-VS

i VSQ=VSsZ
L RVSQ=RHOL.V.
Q= HOL-V Q

COMPUTE \
ICIENTS OF
POLYNOMIAL /
N POLY(),I=1,8

CALCULATE
ROOTS OF POLYNOMIAL

ALFA(I),I=1,8

PIEZOELECTRIC

~

1
NBETA=2

ZERO-PIEZOELECTRIC

97

’

2

CORRESPONDING TO THE

POTEBNTIAL ,
J 1

LELIMINA’I’E THE ALPHA

SET a=(-10, *10)

e




NON-DEGENERATE,
LESS THAN 4 ars

TERMINATE CASE

PRINT OUT K

ROOTS
R, MTRUB) —
L
PRINT OUT
(.FALSE.) INTERMEDIATE ROOTS
OF POLYNOMIAL
ALFAQ),I-1,8
J
PRE-SET ORDER
OF ALPHAS
1AK)=
EY
SELECT ROOTS WITH
POSITIVE REAL PART
ALFAB(), I=1,K
(Sl) é (""; ‘|
PIEZOELECTRIC

4 Agms
(FALSE)

<4

.TRUE.
BETA: (=)--ZT§R o- zaao-&mzosﬁscmlc

& PIEZOELECTRIC 3“;""”
NBETA=3
PIEZOELECTRIC 59 ALFAB(4)0,
(FALSE) é
(.TRUE.)
24~ 0

W =

=
~

CASE - 3 ALPHAS

(F ALSE.)@

(.TRUE.)

A ‘“‘T) A0

DEGENERATE
4 ROW, 2 ZERO CASE

DEGENERATE 1 ROW, 3 ZERO 5
3.5

¢
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(.FALSE.)

PRINT OUT INTERMEDIATE
POSITIVE ROOTS

ALFAB(I) I-1, 4

K4=NBETA+1

(k=1,K4)

/‘/'

SET UP A MATRIX
Aw)), 1=1,3

*
PIEZOiLECTRIC

SET UP A(4,]);
J=1,4

)

SCALE A MATRIX

f
HEXAGON?L CRYSTAL

SOLVE FOR B/% (8/%<1.)

k k4 ke _ ik
B¥A, gt 83 Ayqt By Byy= Bl Ay)
k 3 ke _ aike
By Aggt By Aggt By Ayy= B1'Ag)

X Kk L3 - K
By Ryt B3 Ayt B Ry = BR,

—(. TRUE) <IXAGN
(.FALSE.)

}

e (NO) {DEGENERATE

1 ROW, 3 ZERO

4 ROW, 2 ZERO éz)

SOLVE FOR B/* (8;¥-1.)

ke K ke _ ok
By Ay By 212+ By .2.13- BI5A

4 14

kA, +3Kk +8XR, = B/K3

17217 "2 7227 "3 723 "4 24

K k2 ke _ ~/Ka
By Agyt By A+ 8KR, = BFA

3733 "4 34

SET B‘= El’ .10

=13

3k= R k

—d

®

_ BETAB()), I=1, 4
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DEGENERATE
1 ROW, 3 ZERO

4 f.'s
ICASE=1
f

RE-ORDER a's
AND CALCULATE 8t

DEGENERATE
1 ROW, 3 ZERO
ais

K2=3

B.9

ROO
OOR.
ALL

(.TRUB.)
|

PRINT OUT
RE-ORDERED qa's

®

DEG!IERATE

4 ROW, 2 ZERO
4als

{
ICASE=2
]

PRINT OUT TYPE
OF CASE f a's

RE-ORDER a's

AND CALCULATE 8's

I
CALCULATE p's

©

DEGENERATE
4 ROW, 2 ZERO
<4 als

Qe 0o—@
(YES)
4
ICASE=4
K2=2
X

RE-ORDER ats
AND CALCULATE f's

&
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DEGENERATE
ZERO-PIEZOELECTRIC

l ICAGE=6

RE-ORDER a!s
AND CALCULATE 8!s

G

7

ZERO-PIEZOELECTRIC

K gk
SOLVE FOR B}", 8,

BiKR, + 82°R = BFA

2 A7 By A3
14 ke _ kK
By Ayt By Ayy= By A,y

X_ K_
SET 33 =1,, 54 =0.
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ALFAL=-ALFAL

.TRUB.)
PERTURBATION SCHEMB
(.FALSE.)
3 @ =)
ALFAL= {ARAD (h [[ALFAL- aRAD]
3 ==

0 ) ¢) -]

% ALFAL= YARAD"

BM(4, 6-RVSQ/ALFAL) 1070 | M, ¢

3

CALCULATE

EM(,J)
I=1,6

!aK 1;K2

]
I=1,6
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ICASE

SET UP M-MATRIX
BASED ON ICASE

¥

..... .FALSB.)

ICASE

TYPE

o

o Db W

Non-degen piezo
(4 a's)
degen(1,3) 4 a's
degen(2, 4) 4 a's
degen(l, 3) <4 a's
degen(2,4) <4 a's
non-degen 0-piezo
3 a's)
degen 0-piezo
(<3 ats)

(.TRUE.)

4

ET UP N AND P MATRICES
BASED ON ICASE

5

—
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EVALUATE DETERM

OF M-MATRIX ‘
FVS :
F=FVS$

|
|
|
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(TRUE.) —

PRINT OUT
FVs, |FVs|,vs
—
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Py
L
: 5 |
: '
: PERTURBATION -
SCHEME y
i EVALUATE DETERM OF P-MATRIX ;
. DP(1DX)
B> !
i & " PRINT OUT M-MATRIX 1
; k VSO0, DP(3), DPP(3) ]
! ¥ 7 .
EVALUATE DETERM OF COMPUTE My AND ;
N-MATRIX DETERMINE PROPER :
DN{IDX) SIGN -
¥
. EVALUATE DETERM
s . OF M-MATRIX
i 3 =) FVS :
X &) 1 .
E i 4 PRINT QUT RESULTS !
‘ DN(1)- DN(2) EPS,DNP,DPP,ETC. | }
; DNP(NIT)= =53 4= T
: DP(1)-DP(2 F=FVS
P prequT) DR I
‘ ) <ira> y
—3 ]
L IDX=3 * ]
i 4
! Ve
} @
-
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i : ‘ ! j
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E
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3. Isotropic, Elastic, Dielectric Layer on Piezoelectric Substrate —
Program Description

The purpose of this program is to determine the complex velocity of
propagation of surface waves at the interface between a semi-infinite fluid and
a piezoelectric substrate. The necessary input and control parameters are

described on the following pages.

As with the proceeding program, this program is set up to run on the
IBM 7094, using FORTRAN IV and Namelist input and the deck set up is again
identical with that described in Section IV.1, Again, two input sections are
required: the first describes the material constants of the piezoelectric crystal
and the second describes the orientation of the crystal as well as other
information pertinent to the execution of the program. The first data set is
called CONST and is identical with that described in SectionIV.1. The second
data set is called "INPUT," and the following is a definition of each input
parameter. Medium A refers to the dielectric (elastic) layer and medium B,
to the piezoelectric substrate.

A




Equation
Input Name Name Type
LAMDAB )B real
MUB kg real
NUB vB real
DNU Av real
NUMAX vmax real
\'A) vS real
DVS Avs real
VSMAX Vg real
max
LAMDAA )‘A real
MUA A real
RHOA p A real
RHOB pB real
EPSLON € real
EPSO € real

107

Euler angles for Medium B.

If the user wishes to vary v (NUB) from
some initial value, v, to some final value,
Vmax, in steps of Av, then set DNU

equal to the steps desired; also, see
NUMAX. (See VSINC)

The maximum value of v (see DNU).
Vmax is only used when DNU #0.

Initial estimate of velocity. This initial
value will be used to find a final velocity,
Vg, such that If(vs)l <€, where € is input,

If the user does not care to use the root-
finding scheme in determini g a final

value for vg, but wishes, instead, to

evaluate the determinant |f(vs)| for particular
values of vg in the range from vy tovg

in steps of Avg, then set DVS equal

to the step size desired. (For use when

MAX = 0.)

Maximum value of vg to be used when
Dvs #0.

Lame constants for Medium A.

Mass density of Medium A.
Mass density of Medium B.

A positive number used as a convergence
criterion by the root-finding scheme
(MAX >0). If |f(vs)| <€, then vg is
assumed to be the root required.

Permittivity of free space.
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Equation

Input Name Name Type Definition

EPSA € real Dielectric constant for Medium A.

WH uh real Frequency thickness product.

WXA ux, real Normalized distance into Medium A,

DWXA Aux A real In order to vary ux, (WXA) from an
initial value, uxp , to a final value
WKA 1o ? DWXA must be set equal to the
desired step size. See WXAMAX.

WXAMAX ux real The maximum value of wxp to be used

max when DWXA #0.

WXB uxg real Normalized distance into Medium B.

DWXB Auxg real In order to vary wxg from an initial
value, wxg, to a final value, WXB 1 1ax ?
DWXB must be set equal to the
step size desired. See WXBMAX.

WXBMAX g real The maximum value of wxg to be used when

max DWXB #0.

ICHECK ---- logical ICHECK = .TRUE. — All FINAL ANSWERS*
are computed in addition to the evaluation
of the determinant lf(vs)l .
ICHECK = .FALSE. — FINAL ANSWERS
are not computed; evaluate determinant
only.

MAX ---- integer Since an iteration scheme is used for

convergence for a final root vg, there must
be an indication of how many iterations are
to be executed before divergence is assumed.
Hence, MAX should be the maximum number of
iterations the user wishes the program to
make (usually 15). If MAX is set to zero
(MAX = 0) the determinant |£(v.) | will be
evaluated for the particular v, value inpuc—
the iteration scheme will not ge used, This
option may be useful if there is difficulty

in determining the range in which vg lies.

*The FINAL RESULTS, which are computed for all values of WXA (dielectric
layer) and WXB (piezoelectric layer), include the following:

Stress Components Mechanical Displacement
Strain Components Electric Potential Magnitude
Time Average Power Flow Electric Field

Electric Displacement
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Equation
Input Name Name Type Definition

TITLE ---- BCD An alphanumeric array of 24 characters
or less used to describe the type of
crystal, such as lithium niobate. This is
input in the following manner:

TITLE = nH name of crystal, where n is the
number of characters following the H
(including blanks). For example

TITLE = 6HQUARTZ

HXAGNL ---- logical Parameter which controls the calculation
of betas (B's) for a hexagonal crystal
(such as zinc oxide)

.TRUE. hexagonal crystal (use
special technique)

.FALSE. non-hexagonal crystal
(use normal procedurc)

VSINC ---- logical VSINC = .TRUE. — New estimates of
initial velocity (vg) are computed using a
linear fit to the two previous values.
(Used when NUB varies over a range

NUB, NUB + DNU, ..., NUMAX)

VSINC = .FALSE. -~ The same initial
estimate of velocity is used for all values
over the specified range of NUB.

10P ---- integer Degenerate case options (uscd when exactly
four ats with positive real part occur),

IOP = 1 - seek modes of propagation of the
Quasi-Rayleigh or Sesawa type.

IOP = 2 — seek modes of propagation of
Love type.

REPEAT se-- logical REPEAT is a logical variable and in its
usage, can take only one value:

.TRUE.

If there are no more cases to run after the
current case, REPEAT does not need to be
input. If there will be another case to
follow, but the crystal coefficients remain
the same, then, again, REPEAT does not
need to be input. However, if another case
is to be run and the coefficients are
different, then REPEAT needs to be input
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Equation
Input Name Name Type Definition

as .TRUE. This means that the $CONST
data will have to be input again (in the
other cases above, $CONST would not have
to be input again).

The following input parameters are all logical variables which are assumed

to be false (.FALSE.) in the program. They are used as switches indicating

e e s b S o8

whether or not intermediate calculations are to be printed. If any one, or any
* combination of these parameters are input as true (.TRUE.), then certain

intermediate data will print, according to the following: 1

TABCTE Print the constants E, C, and T (the transformed piezoelectric,
3 elastic, and dielectric constants) calculated from the constants P,
y G, and EPS.
‘ ROOTS Print the roots of the polynomial each time they are calculated.
BETA Print the values of Bl i’ f
DETERM Print the value of the determinant. 1
[ COEFF Print the coefficients of the 8'th order polynomial. {
f TABL Print the L matrix (or B, , R, etc., when used). 1
: ALPHA Print the roots of the polynomial (ai"a's) and the re-ordered roots j

for degenerate cases.

]
ALL Print all of the above.

Data items may be excluded from the input stream at the discretion of
the user. Items omitted from the first dats set will take on nominal values

(i.e.: values assigned within the program). Items omitted from succeeding

T e e oo vt

data sets will take on previously assigned values. The following is a cuimnplete

list of nominal values:*

*All logical parameters have a nominal value of .FALSE.

f . —— Y
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Parameter

LAMDAB
MUB
NUB

DNU
NUMAX
VS

Dvs
VSMAX
LAMDAA
MUA
RHOA
RHOB
EPSLON
EPSO
EPSA

WH

WXA
DWXA
WXAMAX
WXB
DWXB
WXBMAX

TITLE
10P

Nominal Value

0.
0.
0.
0.
0.

3000.

0.
0.

1.5x 101!

2.85 x 1010

1.888 x 10*

4700.

1.x10°

8.85 x 10”1

15,

1

2

44.25 x 10”12

LITHIUM NIOBATE
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The iollowing is a description of the computer program flow diagram
provided at the end of this section.

The computer program for this problem shares many common features
with the programs described in the preceding sections. Again the nominal data
values are set up first. The piezoelectric (P), elastic (G), and dielectric (EPS)
constants are read in next (CONST DATA). Following this the rest of the input
data is entered (INPUT DATA).

Subroutine SETCTE computes the transformed piezoelectric (CE), elastic
(CC), and dielectric (CT) constants., Next, subroutine ROOT performs the
calculations and calls the subroutines necessary to computer F(VS), the boundary
conditicn determinant, ROOT will either minimize F(VS) (root finding scheme)
or simply compute it at velocity VS depending on the setting of the counter MAX.,
Upon returning to the main program an option to increment VS followed by ar
option to ii.~tement thz third Euler angle (NU) is available as in the first two
programs. As NU is incremented it is also possible to update the initial velocity
(VS) if the root finding scheme is being employed so that a closer initial estimate
will be had as NU varies. The cetting of a logical variable (VSINC) dictates
whether this updating scheme is to be used or not.

When the correct velocity of propagation has been found (either from the
root finding scheme or from plotting F(VS) as a function of velocity) the relative
amplitudes of the partial surface wave fields are calculated (ETA(1), ETA(2),
ere.). Next the various quantities of interest are calculated in medium A (the

dielectric) as a function of normalized distance (WX A) into the medium. Following

this the same parameters are calculated in medium B (crystal) as a function of
normalized distance (WXB) into the crystal. For both media an incrementation
scheme may be used to increase WX A OF WXB in equal increments {(DWXA or
DWXB) irom some initial value to sme final value.

Tte quantities of interest mentioned above are as follows:

a) Mechanical Displacement (magnitude and phase) referred to
as MAGU(I) and PHASEU(I), I=1 to 3 in the program.

b)  The electric potential (magnitude and phase) referred to as
MAGU(4) and PHASEU(4).

c¢)  The time average power flow computed in the subroutine
P1FUN,

/1

N »n.m«mm%mv 6 i
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d)  The stresses computed in the subroutine TFUN.
e) The strains computed in subroutine SFUN.

f) The electric fields (E1, E3) and electric displacement (D1, D2,
and D3).

Calculation of F(VS)

Subroutine ROOT calls subroutine F to evaluate the determinant of the
boundary condition matrix, F first calls subroutine STRIP to calculate the
coefficients of the eighth order equation in a. Next subroutine CROOT
computes the roots of the polynomial (ALFA(I), I=1 to 8). The roots with
positive real parts (ALFAB(I), I=1 to K) are selected as in the other programs
and the extraneous roots in the non-piezoelectric case are eliminated.

If K = 0 the case terminates since no solution is possible. If K #0 a
search for degeneracies follows. K = 1 presents a possibility now which was
not present in the previous problems.* First 312 and K23 are checked (A
is the matrix of the coefficients of the unknown amplitudes Bi({’) as in the
previous problems). If 312 and ?\23 are not both equal to zero the case cannot
be degenerate. A check is made to see if the following two conditions both

hold:
a)  The casc is non-piezoelectric
by K#3

If both of these conditions hold the case terminates, If it is not true that
bou1 hold then a test is made to see if the following two conditions hold:

a) The case is piezoelectric
b) K#4 .

If both of these conditions hold the case terminates. Otherwise the
program continued for now we must have either a non-piezoelectric case with
K = 3 or a piezoelectric case with K = 4, both of which are proper non-
degenerate cases.

If 312 and A23 are both identically zero and the case is non-piezoelectric,

the program proceeds to the section where degenerate, non-piezoelectric cases

*Page 37 of analysis.,
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are handled. If, however, the case is piezoelectric Kz 4 is checked. If 32 4 is
zero the first type of degenerate case of the analysis section arises and the
program proczeds to that section which treats such cases. If AZ 4 is not
identically zero then Al 4 and 3.3 4 3xe checked. If they are identically zero, the
second degenerate case of the analysis section arises and the program proceeds

to the section that treats these cases. If they are not both zero the program

- goes through the test mentioned above (i.e. is it simultaneously true that (a)

the case is piezoelectric and (b) K # 4.

If (a) and (b) are not simultaneously true then we are dealing with a non-
degenerate, piezoelectric case and the program proceeds accordingly.

Non-degenerate Cases

The A matrix is set up for each value of a (k = 1, K4) where K4 = 4
for piezoelectric cases and K4 = 3 for non-piezoelectric cases. If the case is
non-piezoelectric the program sets 8 4 = o, 63 =10 10 and solves the first
two equations for B1 and 62. If the crystal is piezoelectric and not hexagonal
B 4 is set equal to 1 and the first three equations of the set are solved for Bl’
Bz, and 63. If the crystal is piezoelectric and hexagonal 61 is set equal to

107 10 and the second, third, and fourth equations of the set are solved for 82’

63, and B4o

Degenerate Case 1

This case is characterized by a decoupling of the equations for Bl(&) so
that three of the equations involve Bl’ 83, and B 4 only and one involves BZ only
as discussed in the analysis, If there are four a's with positive real part (K = 4)
the program calculates IAZZI for each a and determines which o leads to a
minimum of this function. This now becomes a(l) while the other a's become
a(z) ’ a(3) , and a(4) . The program proceeds to work with the relabeled a's
and computes the B's as follows:

o100, W0 o154 #P-0, BP-1

20 2@ _2(D) 4D @) 2 _ 2 a4
&0 _ A3 Ag«; - A} Agg nd 69 AYy A14) - A§1) A§4)
1= 200 307 3 00 A 02

AYY Agg - Yy App B33 A&?

4 =2,3,4. The program now proceeds to set up either the M (10 x 10) or

A balomn
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N (3 x 3) matrix discussed in the analysis and evaluates its determinant.

If there are less than four a's with positive real part (K < 4) the program

calculates |A 2] for each a and counts the number (Ni) of a's for which

R 2
IA22| < 107 (this is close enough to zero considering the magnitude of the
individual terms in ?\22). If K = 1 and N1 = O the case terminates (case 1c2).
If K = 1 and NI = 1 the program sets Bgl) = 10-10 Bi(l) =0 i=1,3,4 and then

proceeds to set up the N matrix and evaluate its determinant {case 1lcl).

If K = 2 and N1 = 0 the case terminates (case 1b3)., If K=2andNl=1
the a that yielded IAZZI < 107 becomes a(l) . The program now sets Bgl) = 10-1
and Ei(l) =0 i=1,3,4 and then proceeds to set up the N matrix and evaluate
its determinant (case lbl), If K = 2 and N1 = 2 this represents an impossible
case and the case terminates (1b2).

If K = 3 and N1 = 0 then all three roots correspond to the (Bl’ Bas 64)
@ & L4
?

split. The ats become q , and o 9 . The B's are calculated as they are
in the four a case for a(z) , a(3) , and a(4) « Only the M matrix can be set up and
evaluated for this case (case lal), If K = 3 and N1 = 1 the corresponding a
becomes a(l) and Egl) = 10‘10 while Bi(l) =0 i=1,3,4. Only the N matrix

is set up and evaluated (case la2), If K = 3 and N1 = 2 or more the case

terminates since this is physically impossible.

Degenerate Case 2

This case is characterized by a decoupling of the equations for Bi«’) so
that two of the equations involve Bl and 83 only while the other two involve
62 and B 4 only. If there are four a's with positive real part (K = 4) the
program calculates Iﬁzzﬁ,} 4-32 4| for each a. The (2) values of a“) which
lead to minimum values of [Azzﬁz 4 K‘; 4| are selected and become &> and
a(4) . The other (2) values of o become a(l) and 0.(2) « The program then

computes the B's as follows:

0
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-2 £ 10
B = o{? = 1070, ol - _(15'};13 10710, 6. -B%.lo ;
11 11
-0
3)_ &) 3) Ag) (4 'Agt)
B4)=B4 =1; B2=—A-<3-)—’ BZ :—A(-4)—-;
22 22

ﬁ(13) N B(14) -0 Bgs) ) B§‘4) -0

The program now proceeds to set up either the P or the Q matrix and evaluates
its determinant.

If there are less than four a's with positive real part (K < 4) the program
proceeds as follows:

If K = 1 the case terminates (case 2¢). If K = 2 or 3 the program computes
the quantity IKZZK 44" Kzg 4 ! for each o and counts the number (I1) of a's for
which this quantity <10 and the number (I2) of a's for which this quantity
210-5. 10-5 is close enough to zero due to the magnitudes of the individual i
terms in the quantity. If K = 3 and 11 = 2 the at!s become a(s) and a(4) and the
B's are calculated as they were above for a(s) and a(4) . Only the Q matrix is
set up and evaluated (case 2al), If K = 3 and I2 = 2 the a's become a(l) and
on(z) and the B's are calculated as above for a(l) and a.(z) + Only the P matrix is
set up and evaluated {(case 2a2), If K = 3 while Il # 2 and 12 # 2 the case
terminates (case 2a3), If K = 2 and I1 = 2 the B's are handled as above (case 2bl).
If K = 2 and 12 = 2 the B3 are likewise handled as above (case 2b2), IfK = 2
while I1 # 2 and I2 # 2 the case terminates (case 2b3).

Degenerate Non-piezoelectric Case

This case is characterized by a decoupling of the equations for Bi(L) such
that two of the equations involve Bl and 53 only and one of the equations involves
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82 only. If there are three a's with positive real part lﬁzzl is evaluated for
eacha. The a leading to the minimum value of |A ,,I becomes a(l) while the

others become a(z) and a(s) . The program sets 82 ) - 100 10, Bi(l) =0 i=1

L D o100 (). 200,20 2-10 .
and 3; 87 = 0, 8§? = 10710, §{P - -A(9/A(Y . 10710 4= 2and3. Either

the R or N matrix can be set up and evaluated depending on the type of wav.:
sought.

If there are two ats with positive real part ,AZZI is evaluated for both
a's and compared with 107. (This is close enough to zero considering the
magnitudes of the individual terms of 4,,). If IAZZI > 107 for both a's they
become a(z) and a(s) and the B's are calculated as above. Only the R matrix

is set up and its determinant evaluated (case xal), If IKZZI s 107 for one of the

ats this becomes a(l) and the B's are the same as above. Only the N matrix is

set up and its determinant evaluated (case xa2)., If ]KZZI s 107 for both a's
the case is terminated (case xa3).

If there is one a with positive real part IAZZI is evaluated and compared

t0 107, If |.7&22| <107 the program sets Bgl) =10 10 Bi(l) =0 i=1and3.
Only the N matrix is set up and its determinant evaluated (case yal), If
|A22| > 107 the case is terminated (case ya2).
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DIELECTRIC

SET UP NOMINAL
VALUES

ONST DATA

ELASTIC (G),

READ
PIEZOELECTRIC (P),
LAS AND DIELECTRIC (EPS)

!
REPEAT=.FALSE. |

©

¥

VS=VSAVE
K TIME=0

P!

(

INPUT DATA )
LAMDA, MU,NU,ETGC.

END OF FILET>»(YES) —»

(No)
Y

SNU-NUB
VSAVE=VYS
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i
E
1
-~

KTIME+1

KTIME

UPDATE INITIAL
VELOCITY (VS)

)

)
e

VSAVE=VS

13

ONCE=.TRUE.

VS=VSAVE
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CALCULATE

D PIBZOELECTRIC (CE),
BLASTIC (CC) AND DIELECTRIC (CT)
CONSTANTS

VSO=VS |
NT=0 | ____ INITIALIZE CALCULATION OF
' ROOTS IN CROOT (MULLER,POL)

ROOT CALCULATE

a) |f(vso)| FOR MAX=0
b) VS AND |f(vs)| <¢ FOR MAX
>0

VSi=1/VS
ALFAIfALFAi/VS

!

i=1,8

TITLE,

DATA, VS, VSI,

|f(vs)|, (ALFA,,ALFAL. ._
i i,i=1,8

(.FALSE.) &
4@ #0)
=0)
2.3 -(=0) <ON

(#0)

& @

©
v

(L)e—(FALSE) @ '

(.TRUE.) 1

\r_——(>) 4\

NUB=SNU &

@5 AP(0)— VS=VSAVE

o)

1.2}
<

/}\ .

13

e smampgn
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@

CALCULATE ETA'S
1
X

8
-3

MATRIX

PIEZOELECTRIC; NON-DEGENERATE
NS

R
Z

ERO-PIEZOELECTRIC;NON-DEGENERATE

PN WD
<3

B
< PRINT ETA, i=1, 13>
|

CALCULATE FINAL RESULTS
MEDIUM A - DIELECTRIC

l WX=WXA

3.1

CALCULATE
MECHANICAL DISPLACEMENT

MAGNITUDE PHASE
MAGU(l), PHASEU(l), I=1, 3

ELECTRIC POTENTIAL

MAGNITUDE PHASE
MAGU(4) PHASEU(4)

e {IMED=1 |
P1FU; CALCULATE
TIME AVERAGE POWER FLOW

PIM,P2M

4

CALCULATE \
STRESS: TW31, TW32 /

TW33, TW1l, TWI12, TW22

S13, S23

&

SFUN CALCULATE
STRAIN: Sl1l1, S33, S12,

LA AL Car W

Lt A

PRI - T S ] P

SUL TP R

ISRV

Dl

:
3
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I WX=WX+DW

9

CALCULATE

ELECTRIC FIELD
ELE3
ELECTRIC DISPLACEMENT
D1, D2, D3

/PRINT: Wx, TOGETHER
WITH FINAL RESULTS

>0

(=1)
MEDIUM A

~~
1
A

XWXMAS ()

o CALCULATE FINAL RESULTS
é MEDIUM B—PIEZOELECTRIC

WX=wXB

S

IMED=2
CALCULATE FINAL
RESULTS, AS FOR
MEDIUM A

&

MEDIUM B

@ O—>®

)
¥

WX=WX+DWXB

; : (ﬂ—’@
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Ee—;
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DIELECTRIC

¢

DEGEN-=0
IDET=0
JP=2
1ALF=.FALSE,
ICASE=0
ICB=0
Kl=1
K2=4
Ll=1
L2=16
1Bl=1
1B2=4

®

{

CALCULATE
COEFFICIENTS OF
POLYNOMIAL
POLY(),I=1, 9

g A8 o p——— o A AAT WA o

ROOT CALCULA"E\)

ROOTS OF POLYNOMIAL
ALFA(Q1),I=1,8

IEZOELECTRICO(NO)

=
ELIMINATE ROOT

CORRESPONDING TO
THE POTENTIAL

l

TRUE PRINT INTERMEDIATS
(TRUE) ROOTS OF POLYNOMIAL
ALFA(D,T=1,8

IA(D)=I b
I=1, 4 1
SELECT ROOTS
WITH POSITIVE
REAL PART
i

oo
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A 5 \C I
- o107 0 2 10710, P 2007
AL 11
a= -0 ;
s =P ;
) 3) -A5) @) -
64)_—.34 =1; Bzz-Bg-;—’ BZ=_A73$_;
22 22

o8 - g = 0; 8® -6l 0

The program now proceeds to set up either the P or the Q matrix and evaluates
its determinant.

If there are less than four a's with positive real part (K < 4) the program
proceeds as follows:

If K = 1 the case terminates (case 2c). If K = 2 or 3 the program computes
the quantity 13223‘ 44" AZ 4 | for each o and counts the number (I1) of ats for
which this quantity <107 and the number (I2) of a's for which this quantity
210-5. 10.5 is close enough to zero due to the magnitudes of the individual
terms in the quantity., If K = 3 and I1 = 2 the at!s become a(s) and a(4) and the
B1s are calculated as they were above for cx(3) and a(4) + Only the Q matrix is
set up and evaluated (case 2al), If K = 3 and I2 = 2 the a's become a(l) and
a(z) and the B's are calculated as above for a(l) and a(z) « Only the P matrix is
set up and evaluated {case 2a2). If K = 3 while I1 # 2 and 12 # 2 the case
terminates (case 2a3). If K = 2 and I1 = 2 the B's are handled as above (case 2bl).
If K = 2 and 12 = 2 the B's are likewise handled as above (case 2b2). IfK = 2
while I1 # 2 and I2 £ 2 the case terminates (case 2b3).

Degenerate Non-piezoelectric Case

This case is characterized by a decoupling of the equations for Bi({') such
that two of the equations involve Bl and 53 only and one of the equations involves

s r————

w—-———

s e




124 '

we

(YES)

P ——

(.FALSE.) DEGENERATE CASE 1

\ (1 ROW, 3 ZERO)
g ®
DEGENERATE CASE 2 1470 G
(4 ROW, 2 ZERO) (.FALSE.)

&

2.9

(.FALSE)

NON-DEGENERATE

&
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)

s
.

INUMBER OF ALPHAS="K"
CASE TERMINATED!

PRIN

(

IALF=,TRUE.




T
e —————

b

o .Tn!!m-"__ ~

w:

126

kal,K4
K4a4, PIEZOELECTRIC
K423,0-PIEZOELECTRIC

B27‘22‘”’3
'A 8 3 33t +8B/4, =-B/A
A ‘A +BIA o BIA

B, 42‘”’3 a3t BiAgy

B =8 Azx

3

NON- DEGBNBRATE

(YES)
m

ALFAB{(4)=0

{(.TRUE.) ~—

PRINT: ALFAB() ---ROOTS

WITH
1=l POSITIVE
RBAL
PART
s——

SET BJ=1,B,=0;
SOLVE FOR By ,

BiA, B;z}‘xz Bh)
BAy +ByAyy=-BiAys

e« (TRUE,

SET B/ 1=1; SOLVE FOR B (l-2 4)

(.FALSB.)
i

434 131
14

I
s‘xuﬂ 122+B Z -343

SBT B/=1; SOLVE FOR B{(i-1,3)

ByA, +BjA g+ BiA, y=-B A,

24
l I} S
BiAs +BoAgy+BiAs=-BA s,

.- -BETAB(, K)il=1, 4

—a ——

. o




DEGENERATE CASE 1

(1 ROW, 3 ZERO)

@

IC=1

NDG=NDG+1

(=4)

#4
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(4 ALPHAS)

IDET=IOP
ICASE=1

BMIN=3,,,(a))|

(x=2,4) MIN: 13, () D6) —————
l BMIN= | A2(03)
_____ _'L S |
1A())=j
JA=2

) JASJAHL

(k=i, 4) (#) T

By =0ii=1,3,4
i

1=10710
"

ey —>(7)

(=0, 1)

!
el’,;o. ﬁ%:x

CALC:

B{,l;m AND 3= fa (o )

L G=2,9)

{}%@»—-@
3
o
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©

(LESS THAN 4 a's)

N1=Ni+1
[1=i
T

(2 ALPHAS)

' (
P DEGEN=5
P DEGEN=1 ;f
? (I.A.l) (1.A.3)
; IDET=1 DEGEN=2
; IA(H1)=1, I=1, 3 (1.A.2) 42
& IA(l) =1
[}
‘ é i) KoO> ) ———
¥ * i SET UP
: Bl-1 CASE 1.D.
1B2=1 FOR PRINTOUT
IDET=2 T

| &
i LPHA
OR. D{TRUE)

PRINT CASE [.D.
(.FALSE.) l AND
als -
]
(1,2
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DEGENERATE CASE 2
(4 ROW,J( 2 ZERO)

IC=2
NDG=NDG+1

@&

(=) <§ *9
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JpP=2
ICASE=2

5l .
le(l)=lxzz(al) ¢ A44(G.1) s x24(‘11.)2 '
BMIN=BIX(1)

BUX(0= A0 « Ryqloy) - Ry e’

v
b -
& z_.;«

BIXK= R 5000 - Ry (0 R ()

(k=2,4)
pC) —————
BMIN=BIX(k)
v o
J
A — — — —Ilif}#l
21fJ=1
(k=1,4)
BIX(K):BIX(1) ()
I=K
@) l
¥ 3
) 4
jA=1
JA=3

(K=1,4) [1AQA)=K
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|

X

s5i=o,i=2 AND 3 !
5 ﬁ

By =1 4 :
B, |

(k=3,4) ;

i
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¢ :

[ i

i |
J
B S,

y =1) \l
; e1 SET UP
5 , CASE I.D.
’ FOR PRINTOUT

3 ;
!
§ ALPHA
i .oR. (.TRLIE .) —————
i | ALL ,

PRINT:

‘ (.FALSE.) CASE 1.D, AND ots
: - T

{EZOELECTRIC(YES) —»(7.)

(NO)

&
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¥

(LESS THAN 4 as)

(1 ALPHA)

r———"—(=1)
(=2,3)
DEGEN=15 |
(2.C) J
T 11=0
D 12=0
-

N
TERM= Iﬁzz(ql) . K44(0‘) - 324("1) 2'_}
=1,K)
(<) TERM;107° () — ]
=141 12-1241
LIALD=T | 1A2(12)=1
T

2 %5(3)
é @
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(2 AITHAS)
| ] |
=2 s (22 s (OTHER)
2<10 2210
| 1 DEGEN=14
DEGBN=10 DEGEN=12 (2.B.3)
% - (2.3. 2) é
=IAI(1
Al TAQL=1A2(1)
IDET=3 1A(2)=1A2(2)
ICB=3 IDET=4
B1=3 }gfi:’
1B2=4 B
I
SET UP e
CASE 1.D.
FOR PRINTOUT
L
[—(:muaa,\
PRINT: CASE I.D.
AND ats J (.FALSE.)
l
_ >12
618 416

S0 Do —)

(12)

(2)
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3 AIiPHAS)
. i |
(11=2) az;z) (OTHER}
&
DEGEN=9 DEGEN=11 [ DEGEN=13
(2.A.1) (2.A.2) (2.A.3)

&

& N

POPUPN S

oo
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P

ZBRO-PIBZOELECTRIC

IC=3

<§<=4>—@

(<4)
Y

NDG=NDG+1
11=0
Jp=3

_.4

,EKZZ: |&(ey) | |

=42) (=3)
y Do —
7] (@ CAMINaCAZZ

i=1,K K =
( ‘) j u__r__
J1=11+1
i 4 |
| CAMIN=CA22 |
=i !
M o o 1 i
! \1> <<>(3) |
6 P @
N
2 ALPHAS)
- R —
DEGEN=18 , DBGEN=16
(X.A.3) (X.A.1)
JA(L)=] IDET=5
é 1B2=1 1B1-2 i
DEGEN=17 ‘ 1B2=3 {
N E7YC o S
= , 1A(3)=2
- K1=2 |
@%@ K2=3
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(Y.A.2)

T
S\,s )

(1 ALPHA)

#)<
(=1)
¥

'DEGEN=19
(Y.A.])
IDET=2
IB2=1

S

IB2=3
K1=2
K2=3
IDET=IOP

@g(ﬂ)

1)

! = 10710
s,

83 =0 (i=1,3,4)
i
IC

Nt + 2 Pt ks b iR M

e, v s




~

139
ALPHA
OR. .TRUE,
ALL ) ]
’ PRINT: ogaq) (=181, 1B2)
~4+ALF
) A50)
. mUE . ) -—§j
Print: =[B1, IB2
%t 8‘10 ‘.) )
INTERMEDIATE BETAB_| BETAB
ap
r ]
BVALUATB‘IIL-MAme
CALCULATE:

aAl(ia-l, 6) - ALFAA

———————

i=1,3] _
Ej“x bty 6) BETAA
$ OR R-MATRIX #2)
SET UP MATRIX é
EVAL. f(vs)
NDIM=3
(3x3

s

JELIFTIN S
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@
¥

SET UP L-MATRIX
ELQL)); I=1,9

i=1,13
I 1: 13} IDET =3

L-MATRIX ©0)
Y |
B;g—l‘u—;ﬂ;‘)-- Fv jl EVALUATE FVS USING AFPROPRIATE MATRIX
(13 x13) IDET MATRIX NDIM
1 M 10
2 SorR N 3
3 Q 7
4 ] 6
s R 6
6 0-PIEZO 9
(NON-DEGEN)

e oo A e —————————— A Tocw
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FVSMAG= ‘ f(va) ,

TABL

.OR. (-mUB.) —

ALL
(.FALSE.)

Y

PRINT: APPROPRIATE
IX AND1.D.

|

DETERM

OR, (.TRUE.
ALL

(.FALSE,)

—

PRINT:
VS, FVS, FVSMAG

|

|

RETURN

ty
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APPENDIX I. ELEMENTS OF THE L MATRIX FOR THE ELASTIC-
CONDUCTOR PIEZOELECTRIC SUBSTRATE PROBLEM

The subscript p corresponds to the piezoelectric medium while the

subscript ¢ corresponds to the conducting elastic medium. The Cij's and eij's
correspond to the piezoelectric medium while A, p correspond to the conductor
(Lame's constants), The expressions for as) are easily obtainable from

equation (20) and are as follows

D, 1/£ P _ (5,6

c - m c
a(3’4)=+1/ ptaA- s

c - u+ A '

The elements of the 10 x 10 boundary value determinant are as follows:

I Co X -
L, =B [i=1,2,3 ¢=1,2,...,6]

Li{a=- 61(3:.:6) [i=192o3 £=7v809010]

L
Ly =B0e 41800 [1=1,2,...,6]
_. a6 . (+-6, +6) r. +6
Lyy=- " [ICj5+al ’055]-6[()2)[3056+al() )c45]

(56 . (46) » . alt-6) r. 6
Bp3 [JCSS-i-ap 035] Bp4 )[Jels-i-a:’ )e35] (1=7,8,9,10]

[
Lgy = efé)a;’“’p [t=1,2,...,6]
a6 [ (+6) (b6 .. 56
Lgy=- 8y [1C)y+ai"¥ ¢ 8 [JC46+<1[() )044]

L6 . v6 v6) .
3 UG+l ® 0y, 1- 40 1y ergtal™@ ey ] 14=17,8,9,10]
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L6L=J B(C‘ti)- At ngag)(Zp-i-A) (1= 1929“"6]
L6 ¢ @¢-6) . g6 . (¢-6)
Lg .= B:,l ) licy, ta Y Cygl - Fa gty C34]

6 I, (-6 s (4-6) )
Bg3 )[] 035+o.p )033] Bp4 (j e13+ap e33] (1= 7,8,9,10]

ago wh/v
Loy=Lye $  [t=1,2,...,6]

L,,=0  [t=7,8,9,10]

aw uh/v.
e© S [t=1,2,...,6]

L,, =0 (1= 17,8,9,10]

a«’)uh/v
L.,=L.,e°

s -
or = Ley (+=1,2,...,6]

Lg,=0 (4= 7,8,9,10])

Lyog 0 t=1,2,...,6]

(t-6)

Lyof sp4 [t=7,8,9,10]

e e st e e - i

H
1
i
L
i
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Mg =

24

My; =

26

Mgg =

Mgg =

41

45

46
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EXPLICIT FORMS OF THE ELEMENTS OF THE MATRIX M

ASSOCIATED WITH THE FLUID MEDIUM PIEZOELECTRIC

SUBSTRATE PROBLEM

o9 . 10!, 1=1,2,3,4,
o,
1,
S 1=1,2,3,4
a
0;

(80eg, + ¥ eg) + B legg + ol eg)

4=1,2,3,4

10

-€, * 10 ’

1
0

B?(‘Cls + af“>c35) + Bgv) GCzq* af:OCSti)

1=1,2,3,4

+ 89 Gegg + o egp) - 6 ey + ol o391 - 20"

+ 809 (1G5 + o000 ) + EP e + o

0

°39) -

’
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My, = 8% oy 2059+ (g4 + ey
+ Bg') (Csq + af)c35) + Bg‘)(je 15+ ag)ess) .
121,234,
Mys = Mg =0
Mg, = 8, + g g+ o) (Cy5+alc,y
+8) o, + 2y + A aes)
1=1,2,3,4
Mes = Mg =0 .

The factors 1010 and 10'10 are introduced to make the real and imaginary
parts of all elements of the matrix on the order of unity,

.. Sk

e INarrs pnishs
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APPENDIX IlI., ELEMENTS OF THE L MATRIX FOR THE ELASTIC LAYER
PIEZOELECTRIC SUBSTRATE PROBLEM

L, = s((i? . 1010 li=1,2,34=1,2,...,6]
L, = -89 . 1010 [1-1,2,3 427,8,9, 10
' L= 0 [i=1,2,3 4=11,12,13]
() (1) (0 _
L= Byl + i By By [4+=1,2,...,6]
_ _(1-6) (L-6) _a(t-6) . (1-6)
Lye= Bor  lieggtal Veged - B leggtar ™ ¢,
(4-6) r. (£-6) -6 ¢ (1-6)
B.3 (j Cgg T 0 c35] Bg (j eyg o e35]
[4=7,8,9,10]
Ly = 0 [£=11,12,13]
Lg, = (’L) s“) (4=1,2,...,6]
) e (1-6) . 1 A(4-6) . (L-6)
Lsy = Ber Heg e e - By lieggtal ™ )
) (& 6) (1-6) . 7. 446 [, (1-6)
B (j Cygtas ezl B (] e tag 7 eg,]
(4=7,8,9,10]
Ly, = 0 [4=11,12,13)
Lg, = iA B(1+(A +2) o “) [1=1,2,...,6]
-6 i )
Loy~ -8 T Do +al o160 o 4 olt8 34

- gt-6) . 1-6 1-6) . 1-6
s U egs o ENELY )[3613+a§ )3y

(4=7,8,9,10]
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L, = 0 [t=11,12,13]

cxg’) uh/vS
L, = Ly e (t=12,...,6]
Lo, = 0 (1=7,8,...,13]

ag') uh/vs
Lgy = Lg, e (t=1,2,...,6]
Lg, = 0 [4=17,8,...,13]

ag’) wh/vs
Lgy = Le, © (t=1,2,...,6]
Lg, = 0 [1=7,8,...,13]
Ligt= 0 (t=1,2,...,6]
Lygt® Bg;'é) [4=7,8,9,10]
Liot= -1 (1=11,12]
Lygr= 0 (1=13]
L= 0 [1=1,2,...,10]

-uh/vs
Liyn= ¢
wh/vs
Ly, ¢
-wh/v

L -e s

B e .

O Y S —]
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Lig= 0 (t=1,2,...,6]
. A-6 . (£-6) (-6 r. (1-6)
Lige= {Bcl liegtoy” ™ egsl+Bly lieggta™ egy]
(-6 . (L-6) . (4-6) . @-6)p . 1,10
Ty leggtar Teggl- b (165 +of e33]] 10
i 1=17,8,9,10
E _ e . nlo
L= &7 10
| _ .10
Lig,12= €410
j -
: Lig13= 0
L3 1= 0 [t=1,2,...,10]
-u\h,/vs
. Ligu= e
;
, b‘u‘h/vs
! Lig,12= e
g € sh/
: -sh/v
| Y ]
L1313 g e

d
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APPENDIX 1V, EXPLICIT FORMS OF THE POLYMOMIAL COEFFICIENTS Ay

The elements of the matrix A have the general form Aik =a,a
+ jb, e d, ik where a, ik’ bik’ and dik are easily deduced from equation (6).

Therefore, the determinant of A can be expressed as the polynomial

8,., 7 6,., .5 4, ., 3 2, .
Ala +JA20L +A3a +1A4a +A5a +_|A6a +A7a +]A8(1+A9
with coefficients
AN h
Ap = 1 ijLsm
k4, m]
Ay =, 0" e, T 1 S
N 3
{J:k:{"mi
"\T_W
A3 = ; (l) [Hﬁw m IJk& m JJk& m]
{j, k2, m]
V [ +K ]
Ay = (s (1) IJkLV +ij£ m Jk’;Sm
{j,k, 4, m}
]
A=r(-1)h[JV-Kl_J+LS]
S ’ jkt 'm  Tjkt "m " Tjki“m
{, 5T m)
Ag = ¢y (K Vin T Lkt Ut Mjgeq Spy ]

(G, k7, m)

A At e v 7 3+ o8 b 5 el
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- b T
Ay = Z G5 Mgy Vi - My U+ Nigt Sl
i,k T, m}

Ag = Z (-) [JMV +N Um]
{i, k%, m}

h
Ag = Z D N Vi '
{j:kv :m}

(i, K1, m) refers to a sum over all permutations of 1,2,3,4. There are 24

[ Bt Bbed

terms in each sum. h is the number of interchanges for each term necessary to
to return the indices to the order 1,2,3,4; and

Hice = aay a5,

I =

ke T 152 Pyt @y by +by 2y )ay,

i = 818093, ~ @)Dy +byay) b

+(a -b,.b

1j Yk " Py Py +dy5 2y ) 8y,

Kike = @byt a))dy, - Gay, Box *+ by ) byy

by dgp +d)5bp) a5,

Likg = @y dy = byybyy +d); a5 ) dy, " (b gy +dy; by ) by

td); dox 234

M,, = (b

ikt 1j %2 T Ay Dy) Ay, ) dyy by

Nige = 93599 5, ~
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APPENDIX V. COMPUTER PROGRAMS

CONRAY PHASE N4, ¢ 12731765 000109
$10 % 1614 NCCAWAY (1} 000109 112244 12731769
$TCP 1]"5"0"555'20000"
SSETUP LO4 CRTALTY
SALL CONTINVE
sI8SYS
.E'UI“'“G 70 18SYS.
$1830 OE8UG
‘l."c LINGO3 DECK.DEBUG
CLINSCD MAINOO2C
(44 GOLO LITHIUM AND LITHIUM NIOBATE MAINOO2D
(44 NAINOO40O
Ces MAINOOSO
MAINOOS O
CIMENSION PANCLE(LS])
DIMENSION XX(2),YVI2)
CIMENSION CELTAC181)
DINENSION RT1L(181),RITI1(101).RULEIOLILRIVLILOLI.RELIIAL)
CIMENSION REZL(181)
CIMENSION CETRAYI100),DETIAY(1000),VSARAY(100) +AAAAA(200)
CCMPLEX D15+ {4)
INTEGER BLINIT,ELINIT
LOGICAL ROTATE
LCGICAL GETOUT
LCGICAL NEGAT
LOGICAL MULT
LCGICAL ICHECK
CCPMON /ROTAT/ ROTATE
CCMMCN /GET/GETOUT
CCHMNON /7PLOTS/ICHECK
CATA XX/00010e/+0YY/54954/
OIMENSION DEGEL81)s TITLES(4)
OIMENSION VELOCC181), VELOCI{L8L1), VEL(362)
CCMNCN/OVR/KOoNT
CCMMCN 722727 CCL200,CECLTIHCTIS)
COMMON __  /LINK/ _ALFA(S), ALFALIB), EL(100), ALFAA(S), MAINOOSO
. ALFAB(4), BETAA(3,6), BETAB (44}, EPSO, MAINOO90
. MUA; LAMDAA, RHOA, MULB, LAMCAB, NuB, RHOB, MAINOLOO
. VSs XSy EPSLONs DIGIT, WHy WXA, WXB, KL, MAINOLLO
. KMy ALLy ROOTS, ITER, COEFF, DETERM, POLY, MAINO120
. ALPHA, BETA, MAX MAING ;30
CCMMCN JGPEPS/ G(2) )y PLLIB), EPSEY) MAINOL4O
COMMNON /FLAG/ ONCE /BETAN/ NBETA MAINOLSO
. JCSET/ CLIM, ELIN, TLIM MAINO160
CCMMON JFRQOT/ FVSMAG, NT, ICASE MAINOLTO
. JCOR/  ACAP, EPSR MAINO1S8O
. ICLAZ 1A(4) MAINOL90
—— ® FALESS/ IMF MAING19S
. JCIFL/ MXAGNL
INTEGER PLOTITG)
CCMPLEX XEL(343 )y FXLe XL{2+3)s XEVL2) MAINOZOO
COMPLEX ALFAy FVSy ELy EALO)y EBI&), UA(3), UBLI), ALFAL, MAINOG21 O
ALFAA, ALFAB, BETAA, BETAD, ETA(10), PHIB MAINO220
____Q;Q'Qﬁ! LX0, CX MAINO230
CCNPLEX  THUNy PIFUN, Uy EX(4), PN, P2N, MATNO240
. TW3ly Tw32, TW33, Twll, TWl2, TW22, Sll. $22y $33, MAINO250
$12+ 513+ S234 Cly D24 03, JIMAG, El, E3 MAINO26C
REAL ~MUAe LANDAA, WUR, LAMDAB, NUA, NUSB, MAINO270
- MAGUIA), PHASEUL4), NUMAX, TITLE(4) MAINO280
LOGICAL ALLe ROOTSs COEFF. DETERM, PCLY, ALPHA, BETA, MAINO290

(S]]
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1

mnn

M
20

56

. JChECK, ACAP, [ALF, MAINO300
» FXAGAL.
- REPEAT, OACE MALNO3LO
LINSD3  CONWAY PHASE L1
LINBO3 ~ EFN SOURCE STATEMENT -~ IFNIS) -~

EQUIVALENCE ( VELT1)s VELOCIL) )0 ¢ VELOCI(L), VEL(202) )

EQUIVALENCE ( TITLE, TITLES(Y) )

EQUIVALENCE (CCI3), Cl1De (CCI2)s C13), (CCU3De Cl4), (CCU4D,CA5),MAINGD20
4CCESHs €330 (CCLO)e CI4), (CCUTH, C35), (CCUB)ICI6),NALNOIIO

. (CCIOY s CA4)y (CCEL03,CO5), (CCILLD,CO0), MAING 340
o (CCL1210C5500 (CCE13),C38), (CCLL14D.CO0D, __ __MAINO2SO
. (CCL15),C1600 (CELL), EXL)s (CE(2), E1D), ""NAINO360
. (CE(3) s El4)s (CECA)s EL15)e (CE(S)e ELG), MAINC3T0
. (CEC6), E31)0 (CE(T), E33), (CE(8), E34), MAINO380
. CCECS), E35), (CECL10).,E38), (CTIL}, T1R), NAINO 390
. (CT(200 T13), (CT(3)s T33) NAINO4OO
EQUIVALENCE (CC160,C2200 {CCE170,025), (CCULOD.C26)s __MAINO&LO
. (CCE19)+C20)0, (CCE200052300 (CECLLD,EL2), MAINO420
o (CE(1294€22), (CEC13),E21), (CE(14),622), MAING430
. (CEC15)0€20)s (CE(16),E25)s (CE(17),E26), MAINO44O
. (CTL4d, T2L)y (CTE5)e T23) MALNO4SO
MAINO460
MANMELIST  ZINPUT/ MUA, LAMDAA: RHOA, MLB, LANCAB, MUB, RHOS. NAINOATO
. ¥S, KSy EPSLON, WHe BXAos WXD, EPSR, NAINOMIO
o NEGAT,
o PXAGNL,
. KLo KMy ALLo ROOTS. COEFF, OETERM, HAINOAYO
. POLY, ALPMA, BETA, MAX, EPSO, WXs REPEAT, MAINOSOO
. JCHECKy DVSs WSMAXe ACAP, CLINM, ELIM, TLIN, HAINOS10
. DNUy NUMAX, DWX, WXMAX, TITLE T " NARO%20°
o sMLIT,AOTATE
MAMELIST  /CONST/ Gy Po EPS MAINOS30
MAINGS40
MAINOS50
CATA CXO0eCX1/(00000delBes0e)/ MAINOS6O
CATA TY31, 7732, TT33, TTVi1, TVI2., VP22 / MAINOSTO
. 3IHTIL, 3HT32, 3NTII, 3HTIL. 3NTI2e 3IHT22 / MAINOSS0
CATA S$S11, $S22. $S33, S$S12, SS13, SS23 / MAINOS90
o 3HSEle 3MS22¢ INS3D,e 3HS12e INSII. 3HS23 / MAINOSOO
CATA 001, DD2, 003, VUL, UU2e WU3 / MAINOGL1O
. 2H0L, 2HO2y 2MD3y 2HULe 2HU2e 2HU3 / _ MAINOG20
(1) PPIM, PPN /7 IHPIN, JHP2N / . T MAINO630™
CATA EEls EEDe JIMAG /7 2HELy 2ME3, (Oeols) / MAINOGAO
DATA TITLE(L) /7 20HLITHIUR NIOBATE l; NAINOSSO
NAINOSSO
NALNOGTO
REACIS5.TTT3) JIIK .
FCRPAT(12)
1E(JIJK.EQ.0) GO TO 7774
CALL SKFILE(2+JJJK)} -
CCNTINUE
£C 20 1=1,101 *
CEG(I) » §-)
CALL CRTPLT(1.0)
CAMLL PLOTIOco=e2%0~3)
CLIP = 168 MAINOGSO
ELIN  » }.E-5 NAINOGIO
TLIN = ],E-18 MNAINOTOO
EPSLON = 1.E~-11 MAINOTIO
EPSC = 8,85E-12 MAINOT20
EFSR = ). MAINOT3O

12731769

13
17
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... LINGOD . COMMAY . PHASE Ne
LINGD] - EFN SOURCE STATENENT - IFN(S) -

—_—BHOp = Ll.800E8 _ .
MUA

LANDAA
VSAVE
. ..b¥s
111344
NUMAX
7}
NAMAX
—

KL

(1]
NAK=25
AL
COEFF
OEVERN

YSHAX =0,

» 2.,85€10
s 1.5€11
s 3000,

= 0.

& 3,0
= 0.
= 0o _

= 0,

2 0. . —— e e e -

= aFMSE . .

FALSE,.
= JFALSE.

NECAT= . FALSE.

POLY
ALPHA

® JFALSE,
* JFALSE.
» oFALSE,

1CHECK » oFALSE.

ACAP

= oFALSE.

HXAGNL=.FALSE,

GETCUT

= FALSE,

Pl T FALSE,

ROTATESoFALSE o

Coesssl NP UT D AT Acesee
510 READ (5. CONST)

1 FCRMATY

448 )

REAC(S+1) ¢ TITLESIL)y =144 )

e o KCUNT = Q

KONT=0
KNT1e0
KNT 2000
KNT 320
REPEAY

. 520 ¥S = VSAVE _ _.

= oFALSE.

KVINE = O

REAL (5. INPUT)
SNU = NUD

SuX = WX

READ(S,
—- T FCRrALY

T) (PLOTITIL) o 1=146)

el2) __ O ) S S Y

$30 KTINE = KTINE ¢ )

IF (kU
COA = ¢(

ME _«LEs 2) GC TO 535
VSl = VS2)/(ANL = AN2)

€08 = V51 - COAsAN]
vS = COA®NUS ¢+ COB

SIPVSAVE = VS ___

CNCE o

«TRUE .

MAINOT30
MAINOT40
MAINOTSO
NAINOTOO
MAINOTTO
MAINOTSO
HAINOTSO
NAINOSOO
NATNOSLO
NAINOS20
NAINOS3O
MNAINOSAO
nAINORSO
NAINOSAO
NAINCSTO

HMAINOS9O
NALNOSOO
MAINO920
MNAINO93O

MAINO940O
NAINO95 0
NAENO96O
NAINOSTO
HAINO90O

NAINO99O
MAINL100O
NAINLO20

MAIN103O0
MAIN2040
MAINLOS50
MAINL060
MAINLOBO
MAINLOSO

MAINL 100
MAINL11O
MALNL120
MAINL13O
MAINL1140
MAIN1150
MAINL 160
MAINLLITO

12731769

22
23

3

000109
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L IN8O3

CONNAY
LINSOD EFN

N6
SOURCE SIA!ENE&' - IFMSY ~
Coaee o LALCULATE COEFFICIENTSo0een

MAINL1 180
CALL SETCTE (MUGs NUB, LANDAB, COEFF .OR. ALL) MAIN1190
T1FLICHECK) 60 TO 2
MAINL200
CooeooCMLCULATE ROOT AND OLTPUT RESULTSseeee MAIN1210
vS0 = ¥§ MAINL 220
AN =0 MAIN1230
$50 CONTINUE MAIN1240
CALL RODT(VSOsVSNoFVS,EPSLONNAX,$550)
IFIGETOUTY GO TO 17
T1FL FLOTIT(L) +EQ. O ) GO TO 32
KCUMNT = KOULNT + L
VEL (KCUNT) = ¥$
32 CCKTINUE
vS1 = vS2 MAINL 260
vS2 = v§ MAIN1270O
ANl = AN2 MAINL 200
2 = NS NAIN1 290
vSl = 1 /VS MAIN1300
CO €15 1 = 1. 8 MAINL310
615 ALFALLI) = ALFALLI/VS MAIN1320
WRETE (6 650} KS, TITLE, EPSLON. MAINL1330
. KLo KMo MAXe No MUB, LAMDAB, NUBy LAMDAA, MUA. MAIN1340
. RHOA, RHOB, WH, V50, VSe VSEs FVS, MAIN1350
CALFALT) o ALFALLI), 1 = 1, 8) MAIN1360
FUNCﬁ 1500 +L AMDAB, NUB,NLS
1500 FCRMAT(3FS.1)
PUNCH 15024VSoVSLe (ALFA(T)o1=1,8)
WRETE (20 650) XS, TITLEs EPSLON, MAIN1330
. KLo KMo MAX» No MUBs LAMOAB, NUBy, LAMDAA, MUA, MAIN1340
. RHOAy RHOB, WHy VSOy VSs VSl FVS, MAINL350
CALFALL)y ALFALILYs 1 =1, 8) MAINL360
‘50 FCRMAT (1H2 20X 4HKS =, 12,5Xs 4AL /1H046X, MAIN13T0
o BREPSLON =,E15,7+3X+32FCLOSENESS OF DETERMINANT TO ZERO/1H 46X, MAIN13OO
o 2HKLoSKelH=y[3,15X,34H0 = COMPUTE FOURTH ROW OF L MATRIX/1IH o MAIN1390
o 32Xe22H = SET FOURTH ROMW = L/1H +6Xe2hKMoSXe1H=e13,15Xy MAINL400
o 25H0 = ELECTRIC FIELC (COTH)I/IH ,32X925H1 = MAGNETIC FIELD (TANHIMAINL4LO
o J71H o6XoIHMAX 14X 1H®, 134 15X +28HMAXIMUM NUMBER OF [TERATIONS/ MAIN] 420
o JH +OXelHNsbXoIH®,13,15Xs I4MNUNBER OF ITERATICNS ACTUALLY USED/ MAIN1430
o JH ¢OXeBHMU B 84E15,TeTXo9HLAMDA B = E15.7/1H 46X.0HNU B =y MAIN144AD
o E1SeToTXoOHLAMOA A =)E15.T/1H 26XoBHNU A 3,EL5.T/1H 46X, MAINL450
o BHRHO A =2,E15:,7sTXs9HRHO B  =4ELl5.7/1H o6Xe2HMHeSX o 1H2 E15.T/ MAINL460
o IH o &6Xy MAINL> 470
o BHYS 0  ®,E15.74 IX416HINITIAL VELDC(T'/]H0.0X.ZNVS.5X.IH'0515 7."‘!Nl‘00
o X A2HFINAL VELOCITY SUCH THAT F(VS) LT, EPSLCN/IH .6! MAIN1490
o 8H1/YS = [ ” !I MAIN1S00
o E1S.T¢3XsLININVERSE OF VS/IHO.’XLZ\H. . OFr!lﬂlnhNY - (15[4.7! MAINLS1O
o JHooElAaToTH] conee/IHOW5X) 25HFINAL ROCTS POLYNGMIAL 16X, MAIN1S20
o 13FDIVIDED BY VS//CAH  (1E34eTo1HooEL14eTolH) TR LH EL4e T MAINL530
o MHesELATIINIY)) MAIN1540
MAINLISSO
FFL LALF ) GO TO 1707 MAINLSSS
IFl «NOT. ICHECK ) GC TO 680 MAIN1 560
IFL VSO +GE. YSMAX ) GO TO 1708 MALNLSTO
WRITE(61705) MAINLSSO
VS0 = v50 ¢ DVS MAIN1590
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LINGO3  CONWAY PHASE N4
LINSO3 = EFN SOURCE STATEMENT - IFM(S) -

GG T0 550
660 CONTINUE
IF (KS «NE. 0) GO TO 1240

WAIN1600
NAINLG10
MAINLG3O
MAINLGAO

Coooo oCALLULATE FINAL RESULTS FOR LITHIUM NIOBATE AND OQUTPUT RESULTS. oo« MAINLSS50

1F¢ JCASE .EQ. O ) GO YO 1000 e .
GO TO ¢ 50+ 100, 600 110, 10% b ICASE e

Cececel RONe 3 ZERQ CASEcecas .
Ceseosl 4 ALPHAS Deceee . . _ s

50 ETA(l) = CxO
ETAC4) = (X1

XLtlel) = ELLS)
X€241) = ELIT)
XL{1s2) = EL(S)
XL8262) = ELLLD)

XL{1.3) = = ELI13)
XLE2¢3) = - ELLLS)
CALL CMATSE XL XETy 2, 1y 81740 )
ETAL2) = XET(1)
ETA(3) = XET(2)
GC 10 1100 . ——
Cocvasl 3 ALPHAS Josees
60 ETA(3) = (X1
ETAL4) = Cx0
AL€lel) = ELLY)
XL§2e1) = ELID) -
XL€1e2) = ELIS)
XLE242) = ELLT)
XLl143) = -EL(9)
XLi243) = «EL11D)
CALL CMATSE XLo ETAy 2, 1y $1740 )
_ _6C T0 1100 T B e

Ceocncd RGNSy 2 ZERO CASEscscs
100 €L1 = CABS( EL(LI®EL(T) ~ ELISI®EL(3) )
EL2 = CABS( ELILOISEL(16) - ELU14)®ELIL2) )
IFL EL) oLE. EL2 ) GC YO )20 . .
105 ETA(1) = CXO
ETA(2) = CXO :
ETA(3) = - EL(14) / ELI10)
ETA{4) = CX)
6C 70 1100
. -
ETA(2) » CX1
. ETA3). = CX0
ETAL4) = CXO
60 TO 1100

E_INBETA 3)__GO VO jojo0

CoeeasZERC ~ PLEZQELECTRIC CASEseeee . -

MAINL 660
MATN16TO
NATN1680
NATNL690
MAIN1700
MAINITIO
MAIN) 720
MAIN1T30
NAIN1T40
NAEN1T50
MAIN1760
MAINLTTO
MAINLT80_
MAIN1T90
NAIN1800
nAINLS10
MAIN1020
MAINLS30
NATN1840
MAIN1S50
MAIN1860
WAINLSTO
MAINL000
NAIN1890
MAEN1900 _
MAINI910
MAIN1920
NAIN1930
MAIN1940
MAIN1950

_MAIN1960
NAIN1STO
MAINL99O
MAIN1990
HAIN2000
MAIN2010
MAIN2020
MAIN2030
NAIN2040
NAIN2050
MAIN2060
MATN20T0

__MAIN2080
MAIN2090
MAIN2100
MAIN2110
MAIN2120
MAIN2130
MAIN2140
MAIN2150
MAIN2160

159

12/31/6% 000109 PAGE 4

123

128

132
133

sk Mt




B 2 e

.

Iala

Al

v e w a2} i e v

160

e AT a o me A o —————— ———————

LINSO3  CONMAY  PHASE .  Ne 12/3176%  00010% PAGE 5
LINSO3 - EFN SOURCE STATENENT = JEN(S)
ELI3) = ECCE) NAIN21TO
ELEA) = ELI6) _ R N NAINZ100 ’
ELES) ==EL(9) NAIN2199
ELIS) ==ELL10) MAIN2200
GC TO 1098 T - n.iN2210
MAIN2220
TOTOECAYT » EC(3) — MINIDG - Tt T T
ELIS) = ELLE) . NAIN2260
EL{E) = ELLY) MAIN2250
ELUT) = ELLS) MAIN2260
ELIS) = ELI10) MAIN2270
__EL9) = B MAIN2280 )
EL(10) ~ ==EL{1D) WATNZ290 - T T T
ELE11) s-EL(14) . o L MAIN2300
EL(12) »~=ELE1S) T MAIN2310
1095 KGO0 = 12 MAIN2320
CALL CMATS (EL, ETA, MBETA, 1, $1740) : MAIN2330 148 ‘
ETA(4) » {0es0e) MAIN2340
EVAINBETACD) = (1540u) MATNZ350 -t
A HAIN2350
1100 CCNTINVE NAIN23T0
NBETAL = NBETA ¢ 1 MAIN2380

WRITE (6, 11200 (1o EVACLDe 1 = 1o NBETAL)
WRITE (2. 11200 (1, ETALL)s 1 = 1, NBETAL)
1120 FORMAT (LH1/Lk o L7X, 36hess "F I'N A

LT ANSWE

MAIN2390 153
HAIN2390 160

TR S e/ T T MAIN2400°

1HOe 30X+ 1IHPARTIAL FLELO/IH +27Xe L19HRELATIVE AMPLITUDES/ NAINZHO

. JUIH o 17Xy T24 3H s EL4eTy IMyy . MAIN2420
El4.7y 1H) D) MAIN2430
'WCN 1502 (ETALI)o12144) 167
G0 T0 1800 o L maAIN2%40 )
MAIN2450 oo - T
c0000 oCALCULATE FINAL RESULTS FOR GOLD LITHIUM AND OUTPUT RESULTSeeees MAIN2460
1240 #] = 1 MAIN2470
K =0 NAIN2480
cO 13101 =1,9 MAIN2490
M2anLes . ) ) MAIN2500
00 1300 J = N1, M2 MAIN2510
K= K¢l MAIN252¢
1300 ELIK} = EL{J) NAIN2530
1310 MY = M1 ¢ 10 MAIN2540
CO 1340 {1 = Gl, 99 MAIN2550
K =K+ MAIN2560
1340 ELIK) = ~ELLI) MAIN2570
KGC = 90 MAIN2S80
CALL CHATS (EL, ETAy 9¢ 1o $1740) RAIN2590 201
ETAL{10) = (1440,) — NAIN2600
CC 1490 | = 1. 3 610
UACT) = (04004) . MAIN2620
UB(I) = (Qee00) MAIN2630
CC 1480 4 = 1, & MAIN26AC
IF {1 «GTe 1) GO TO 1460 MAIN2650
EALJ) = CEXPU-ALFAALJISHXA/VS) MAIN2660 215
IF (J «GTs 4) GO TO 1460 es HAIN26T0
Bt GNPt A AL 2N AN - p—
1460 UALT) = UALL) + ETALJI®RETAALLIJIPEALJ) MAIN2690 I
IF (3 «CTe 4) GO TO 1480 NAIN2700 e
= 1A () MAIN267S

EB@=CEXP(~ALFM(LD -wst)mmto

A ¥ A 92
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LINSBO3  CONMAY No
LiINSO)3 - &FN  SOURCE STA'E'E&T = IFN(S) -

UBLID = UBELD o ETALJ*GISBETAALLJISER(J)
16480 CONTINUE
1490 CONTINUE
PhiB a (04004}
€C 1520 4 = 1, &
1520 PHIB = PHIB ¢ ETALJIeE)OER(Y)
WRITE (6o 15500 (5, ETALL)e | = 14 10},
(hy VALLD, UBIID, | = lo 3}, PHIB
1550 FORMAT (LHO/1b o 17X, J6Hees F I N A ANSUHWERS ey
LHOs 30X, 13HPARTIAL FIELOD/1IM '27X'19HlELATlVE AMPLITUOES/
J1001H o 17Xe 12¢ 3H (o E14oTy LHey
ElheTy JHI/V/LH o 21Xs 2HUA. 32X, 2HUB//
3UIM o 160 3H (o Elée?y LHeo E14oTy 4H) (, El4eT4 1My
ElédeTe IHIZD/LH o 24XKe FHPHL B = (4 E14.7¢ 1H4o
€El4e7, 1H))
1708 WRITE (60 1705)
1705 FCRNAT (1N3)
TFICETOUT) GO TO 17
IFCNEGAT) nuB=-MUB
IFUNEGAT) NUMAX®-NUNAX
IFCNEGAT) MUBs-NUB
IFl VSO +GE. VSMAX ) GO TO 1706
vS0 = VS0 ¢ DVS
GC 70 550
1707 WRITEL641705)
1706 1F {ONU +EQ. 0.) 60 TO 1T10
IF(MULIT) GO YO 38
AUS = NUB ¢ OMU
1FL NUB GT. MINAX ) GO TO 1709
.. GC 10 39 .
I8 PLESRUBIDNU
IF(MUB.CT.NUNAX) GO TO 1709
39 CCNTINUE
CALL OVERCK
TFINEGAT) NUBs-MUB
e - JFANEGAT) NUNAXe~NUMAX
IF(NEGAT) MUBs-NUB
IF{ MAX «NEs O ) GO TO 530
vS = VSAVE
60 T0 535

1709 MB = SNU . - — . ——— o -
1710 CONTINUVE

Ceeose INCLUDE PLOT ROUTINES HEREsoocns
IFLPLOTIT(2)EQ.2) GC TC 34
IF(PLOTIT(1).EQ.0) GO TO 34

. CALL SCALE(VEL.10.¢KOUNTo]¢10s0YMIN.DY) . -
IF( NOTo MUIT)
ic‘tL AXIS(0000e024HDIRECTION OF PROPAGATION:24410600040404+18.0,
0.0
lf(ﬂulfl CALL AXIS(0e900¢25HDIRECTION OF PLATE NGRMAL 025,10.,
1 0.0,18.0010.0)
CALL AX1S(C.000.0,21HSURFACE WAVE VELOCITY9210100090000YRINLDY,
1 10,0}

HAIN2710
MAIN2T20
WALN2730
MAIN2T40
MAIN2TSO
MAIN2760
MNAIN2TTO
MAIN2T00
HAIN2T90
NAIN200O
MAIN2810
MAIN2020
HAIN2830
MAIN2840
MAIN2850
MAIN2860
MAIN28TO

MAIN2800
MAIN2090
MAIN2900
MAIN290S
MAIN2910

MAIN2920
NAIN293O

MAIN2940
NAIN2950
MAIN2960
NAIN29TO
MALN2990

161
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LINBO3  CONNAY PHASE NG
LINSO3 ~ EFN  SOURCE STATEMENT -~ IFM(S) -

CALL AXISE1000000lH 419100090, YNIN.DY,410.)
CALL LINE(OEG.VELOC, 181190900 000104YNIN,DY)
IFIKCUNT.EC.181) GO TO 36
CALL LINE(OEG.VELOCT 4381+140¢090001840YMIN(DY)
36 CALL PLOTI1T7.4000-2)
KCUNT20
34 CONTINUE - )
IF(PLOTETIL)LNELD) GO TC o7
CC 86 JKel, 18]
86 DELTACIK)=(VELIIK®L1BL)-VELIIK) J/VELIJK+28L)

AL
CALL
caL
CALL
CALL
caLL
CALL

AXISC000009 26HDIRECTION OF PRORAGATION 249100 90040.41844104)
SCALEC(DELTAC10491810141004DMIN,DY)

AXESC0090s0 LINDELTA V /7 Vo110104+9CesDMIN,DY,20.)
AXIS(0es10es1H 91920c0000000el80010.)

AXES(100000elH 9191004900 ¢OMINIDY410.)

LENECOEGIDELT A 101 0140+0000018.+OMIN,DY)

PLOTI17.00000-3)

87 CONTIMNUE
IFIPLOTIT(2).60.0) GO TO 37
‘Chl.: l:lﬂo..o..z‘”ﬁlﬂicf!o“ OF PROPAGATION12491040+0:0400018.00
«0
CAML AXIS. Oeo0ee IINTIME AVERAGE POMER FLOW DIRECTION:339104¢904¢
=25049 .0400)
CALL AXIS4Cool0eodH 51910000000601800104)
CALL AXIS(100¢00edH +1010049009=250954010.)
CALL LINE(XXoYY920190006000les00rle)
CALL LINECOEGPANGLE +180142500000491809-25045.)
CALL PLOT(1744000-3)
KChT=0
37 CONTINUE
IFLPLOTIT(D).E0.0) GC TOD 7S
CALL SCALE(RTI1 +104oKNT2¢19204+RTHIN,DR)
1“&" AXIS(0s000¢ 204HDIRECTION OF PROPAGATION$24¢10+0+040404.418.0,
0.0}
CALL AXIS(00000oOHMAGN T11¢8¢100¢90¢ osRTFINJOR, 100}
CALL LINE(DEG,ATLL ¢1814150,00000280 ¢«RTNINDR)
CALL PLOT{1T749040=I)
KhT1s0
75 CONVINUE
IFLPLOTIT(4).EQ.C) GO TC T4
CALL SCALE(RUY 4104 ¢KNT241+100 +RTRIN,DR)
CALL AXIS$0000,024HOIRECTION OF PROPAGATION+24¢10400040¢00018+0,
i 10.00 )
CAMLL AXL1SECav00oSHNAG U296+1049500oRTHINDR,104)
CAML LINECOEG/AUL +18191+0+0+04418.9RTNIN,DR)
CALL PLOTE1T.s000~3)
CALL SCALE(RIULI2049KNT2+19100 ¢RTMIN.DR)
CAML ANLSE0.000920HDIRECTION OF PROPAGATION24410.00040404918.0,
1 16.00 * ’ B
CAMLL AXISECo000o OHPHASES 691000900 sRTMINJDR100)
CAL LINE(DEGIRIUL118111+0004000084¢RTHINJOR)
CALL MOT{1744000-3)
kAT 200
T6 CONTINUE
IF(PLOTITIS)EQ.0) GO TO 74
CALL SCALE(REL +104¢KNT3¢ 10104 ¢RTNINsOR}
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LINBO3  CONWAY HASE N4
LINSOD - EFN  SOURCE SYAYENE&T - IFNtS) -

lCl%a 3}!5(0..0.024“01!!61!0“ OF PROPAGATION+24+1000¢0¢0000918+0,
CALL AXIS(0es0ce THMAGN D1,891040900+RININ,DR(1C,)
CALL LINEIDEGIREL ¢5810110¢0000018:.9RTHIN,OR)
CALL PLOT( 174400 ,-3)
KAT 300
T4 CONTIMUE

END FILE 2

CCNTINVE

IFICETOUT) ENC FILE 2
IFIEETOUT) KOUNT=0
IFIGETOUT ) KONT=0
IF(GETOUT) KNT1e0
IF(GETOUT) KNT220
IFLGETOUT) KNT2I=0
GCETCUT = FALSE.

IF (REPEAT) €O 7O 510
GO 7o 520

1

-4

Cooea o ERRCR = L MATRIX SINGULARccs oo
1740 WRITE (6, 17500 (ELLID, 1 = 1, KGO)
1150 FCRPAT (42H109% L MATRIX SINGULAR (OUTPLT AY COLUMNS)//
(1H o 6ELB.T))
GG 13 1700

CovesoCALCULATE ADOITIONAL PARAMETERS FOR LITHIUM NIOBATEccoos
1790 WRITE(6,1705)
1000 OC 1810 1 = 1, 4
J = §ALL)
1810 EX(I) = CEXP(-ALFAB(JI®NX/VS)
CC 1890 | » 1. 4
L = (040000
CC 1050 K = 1. 4
1850 U = U+ ETAIKISBETAB (I KISEXIK)
BAGULT) = CABSIU) .
PRASEU(L) = 0.

MAIN3000
MAIN3O10
WAIN3020
MAIN3O030
MAINI0AO

MAIN3100
NAIN3LLO
MAIN3120
MAIN3130
MAIN3 140
MAL%3130
MAIN31GO
MAIN3LTO
MAIN3180
MAIN3 190

IF (MAGUIL) oNEe Oo) PHASEUIT) = ATAN2{AIMAGIU)JREAL(UII®ST295TTONAINI200

1890 CONTINUE
El s U

Cooeo o LCHPUTE TIME AVERAGE PONER FLOWeeooo

PLM = PIFUN(ETAs C13y C15, Cl64 Clée C15, C13, Ell, €31,
. Clé, C56, C66y C46, C564 (36 El6, ED6,
. C15, €55, CS64 C45, (55, C35, E)5, EIS)
SPECL=SORTISORT(REAL(PINISO24AINAGIPLIN)S22) )
'2” = PIFUN (ETA, Cl&, CS6y Ch6y CA46y €564 CI6, ELGy E36,

€12, C25, C26, C264,_ C25, C23, €12, ED2,

Cl4, CAS, C4b, CA4, C4S5, CI6, El4e EIN)
lF(PLOTlT‘z’.fQ-O‘ GC To 57
KCATaKCNT )
FANGLE(KONT )mATANE REAL(P2M)/REALIPIN) 19100.73. 1415

57 CONTINUE

"CocoooCALCULATE T Sevcee

Tu3l = TFUN (ETAs WXy C15, C55¢ (56+ CA5, C554 (35, ELS, EIS)

MAINI210
NAIN3 220
MAIN3230
MAINI240
MAIN32SO
MAIN3I260
MAEN3270

MAIN32080
MAIN3290
MAIN330O0

NAIN33LO
MAIN3320
NAIN3330
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LINBO3  COMWAY PHASE

LINGO3 « EFN SOURCE STATEMENT -~

T TN2 = TRUN (ETA. WX, Cl4s CASe C46s C44, C45, C4y E14, E34)

N4
1FNISY -

TH33 = TFUN (ETA. uX, C13, C35, C36, C34, C33, C33, E1Iy E3I)

Tull  TFUN (ETA, uX, C11y C13. Cl6, Cl4, C1S, C13, E11, EI1)

Twl2 = TFUN (ETA. WX, Cl6, CS4e Cé6s CAG, C36, g;:' El6, E36)
L d

T22 = TFUN (ETA, WX, C12, C25, C26, C24, (28
1F(PLOTIT(3).£6.0) GO TO 71

E12, E32)

KT 1akNTL o - e
RTII(KNTLI®SORTIREALITNLLIO®20ATRAGI Ti1 1 )092) /SPECL
RITIL(KNTL)=AIMAGE TWl1) /SPECL

71 CONTINUE
St =
S22 = . e e e
$33 =
12 =
$13 =
$23 » (04400}
€O 2190 1 = 1, ¢
J = JAll) R e e
S11 = S11 = ETACL)ISBETAB(L,I00EXLI)
333 8 533 = ALFABLJIOETA(LI®BETABI3. 1)%EX(I)
$12 » S12 = EVACI)OBET: 0(2,1)8EX(1)
$13 » S13 ~ EVACL)SCRET B Lo LICALFAB(J) + BETABLII [)OJIMAGI®EXI D)
2190 $23 = S23 ~ ETACIIOBETAB(2.110ALFABLIISEXLT)
S11 = SL1*JINAG/VS o
§$33 = $33/0VS
S12 = S120C.5841MAG/YS
$13 » 0.50513/VS
$23 = 0,50523/vS
Cl = TFUNCETA, WXe Ells E15¢ El6s ELl4, E15, E13,~T11,-T13)
02 = TFUNCETA, WXe E21, E2% E260 E24, E25, €23,-721,-723)
C3 = TFUNIETA. WXe EJLly EISe E36e E34y E3S, €33,-T13,-73))
EL = JIMAGOEY/VS
€3 = (04000}

0C 23101 = 1, 4
4= JALD)
2310 E3 = E3 o ALFABIJISETACLISEX(I)OBETAB(4, 1)

E3 = E3/VS

JF(PLOTIT(2).E0,0) GO TQ 73

KNTIsKNT3¢)

REL(KNTI)nSCRT(REALIDL)#824AINAGID])002)/SPECL

73 CCNTINUE
Coooo s CUTPUT RESLLTSeeeee
(6y 2340) WX
WRITEL2,2340) WX

2340 FCRMAT (1000ccesodX 2y IPEL4,.T)
(6e 2440) TT31l, TW3l, TT22, TW32, TT33, THI),
TT1l, Twille TY12, Twl2e VY22, TW22,
$S11, S11, 9522, S22, $533, $33,

WRITE

WRITE

$S12, S12, $S13, S13, S$23,
PPINy PLNy PP2My P20,

$23,

001y D1, 002, 02. 003, 03y

UUL, MAGUIL), PHASEU(L),
W2y PAGU(21. PHASEU(Z),
WU3, PAGUL2), PHASEUL]),
MAGULA), PHASEULA),

" MAIN3340

MAIN3ZSO
NAIN3O
NAIN3ITO
NAIN338O

MAIN3390
MAIN3400

" MAIN3ALO

RAIN3420
MAIN3A30
NAIN3A4O
MAIN3ASO
NAINISSO
NAIN3ATO
NAINIASO
NAIN3A9O
MAIN3SOO
MAIN3S1O

“MAIN3520

MAIN3S30
MAIN3SAO
MAIN3SSO
MAIN3SSO
MAIN3ST0
NAINISSO
MAIN3S90
MAIN3600
NAIN3610
HAIN3G20
MAIN3S30
MAIN3640
MNAIN3SSO
MAIN3ISOO

MAINISTO
MAINIGRAO

MAIN3690
MAIN3TOO
MAIN3TLIO
NALN3IT20
MAIN3ITIO
MAINITAO
MAINITSO
MAIN3IT6O
MAIN3TTO
MAIN3TSO
MAINITOO
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" 72 CONTINUE

_IF_(OWX_LEC. O.)_ GO 10 17¢C8

HASE Ne
LINSOD - SOURCE STAYENENV - IFN(S) -

. “TEe1, €1, €3,

WRITE_ (2, 2440)_ 172}, TW3l, 7132- THI2, TT33, Tud3,
TITile THll, TT12, TMI2e TT22, TW22.

$S11s S11, $S22, S22, $533, $33,

$$12, S120 5513, S13. 5823, $23,

PPIN, PLR, PPN, P2N,

TTTST T T 061 D1y 002, 020 003y 03¢

UULy MAGUILDs PHASEULID.
VU2, MAGU{2)e PHASEUI2)s
W30 MAGUI3)s PHASEU(3),
NAGU(A), PHASEU(A),
_EEl, €1, E€3, E3_

s 6 0 0 20

2460 FORMAT (1HO0o 20K, LTHSTRESS COMPONENTS//6(1H o 18K, A3y 4H » (,

1PELACTe LHeo LPELALT, LHD/)/LH o 28X,

LTHSTRAIN COMPONENTS//6(IH o 18Xe A3y 4H = {
IPELA.Te fHe s LPELACT, 1HIZD/LM o 25K,

2IATINE AVERAGE POWER FLON//2(1lh o L9X¢ A3y 4N = {,
LPEZALTe LHyo IPELALT, LHIZI/3H o 26K,

21WELECTRIC OISPLACEMENTZ/3(1IH o+ 19K, A2, 4H = (»
LPEL4cTe LHoo LPELALT, LHIZB/LH o 25X,

2IPMECHANICAL DISPLACEMENT/IH o 24Xy IKMAGNITUDE.

TXo SHPHASEZ 3(1H o 19Xe A2+ 3N = o LPELACT, OPFL10,3/V/
IH o 6Xo IOHELECTRIC POTENTIAL MAGNITUDE =, 1PELS.T,

o _ . SH PHASE m, OPF9.3/1HO, 28K, LAMELECTRIC FIELD//

2010 s 19X, A2y &H = (o JPELALT, LHeo 1PEL&LTe 2HI/N)

1502 FCRMAT(2E1S.01)

FUNCH 1502, PIN,P2N

PUNCH 1502, Twdl, Tw3Z,T033,TWil,Tl2,T022
PUNCH 1502,511,5224533,512,513,523

FUNCH 15064 (MAGU{ L) 2PHASEULLN e L2)08)

1506 FCRMAT(ELS.8+F1043)

FUNCH 1502,Ei+E3

PUNCH 1502, 01,02.03

€0 18 i=1.4

RRRR2CCSLPHASEUL L) 03, lQlS/llO.l‘NAGUlll

. RILI=SINIPHASEUL]1)®3,1415/100,)0MAGUILY

CISPEIIaCHPLX (RRRR LR TIT ) o

18 CCNTINUE

IFLPLOTITI&).E0.0) GO TO 72
KAT2#KNT2+4)
AUL(KNT2)=SORTIREAL(CISP(IN IS 20AIMAGIDISPID))802) /SPECL
llul(KNTZD-PNASEU(LlnPNASEUCJO . - .
WRITE(S,2441) (DISP(1)y1m],b)

WRETE(2,2441) (DISP(I)yInl44)

2041 FORMATI25X ¢ 23WMECHAN JCAL OISPLACEMENT ¢3(/23X92€1848)07925Xy

1 20HELEC. POT. MAGNITUDE:/+23X42E10.8)
ok = WK ¢ OwX

IF (WX LE. wXMAX) GO TO 17%9¢C

WX = SWX

G0 70 1708
2 CONTINUVE

TREACIS.3) BUINIT.ELINIT,INCR oot Tt
3 FCAMAT(31S)

AIN300O

»

MAIN3T00
MAIN3ITLIO
MAIN3720
NAIN3T30
HAIN3TAO
HAIN3TSO
NAIN3ITOO
MAIN3ITTO
NAIN3ITSO
HAIN3ITYO
MAIN3IS0O
NAIN3ISLO
NAIN3S20
MAIN3030
MAIN3 040
MAIN3OSO
NAIN3IS6O
MAIN3STO
MAIN3SS0O
NAIN3B%0
MAIN3900
MAIN3S1O
MAIN3S20
RAIN3®30

MAIN3GAO
MAIN3950
MAEN3IO
MAIN39T0
MAIN3®OO

12731769

E )

567

568
569

571

579
580

585
508

601
408

022
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LINBD3  CONWAY PHASE NG 12731769
LiNRO3 = EFN  SOURCE STATEMENTY - IFNIS) -~
CC & IoBLINITLELIMIT JINCR
Kn( 1=8LIMITI/INCRe]
VSARAY{K)= 1
ve=i
VSOn%S
CALL ROOTEVSOoVS oN o FVS EPSLON, MAX) 31
MABAAL2OK~1)=AINAGIFVS) :
SAAAA(20K aREALIFYS)
CETRAY(X)=REALLFVS)
CETIAYI(K)=AINAGIFYS)
CEBUG K.DETRAYIK)JDETIAYIX) 637
4 CCNTINVE
€C S JJ=l.K
SAAAA(2000=-11=AAAAA(20)5-1)01.E10
SASAAL20J ) VuAAAAAL 200)) %) EL10
CETRAY(JJI=CETRAY( JJ )01 ELO
CETIAYIJJ)I=DETIAY( JS )91 .ELOD
Jdd=2844-1
IFCAMAMALILIDGGCT ol e} AAAAALYSS Y=L,
IFCAAMAALIII)oLTe=1e} AAMAALIIY)o-],
TFCAAAAAL 200J)46T 10 ) AAARA(20J4)=],
TFCIAAAAL200J)elTo~10) AAAAAL2844) -1,
IF(DETRAY(JJ) GV ok} DETRAYIYI)=L,
IF(DETRAV(JIDelTo=10} DETRAY(JI)2=],
IFCOETIAY(JJ).GT.1.) DETIAYIII)SY,
JFLDETIAY(JJ}elTo=1e ) DETIAYISY)a=],
CONTINVE
YHENe-1,
Cys,2
ANNAN=20K
CALL SCALE(VSARAY¢15.09Ke 191000 XMINJDX) 691
CALL AXISU0000002HVS120150050404XNINDX¢1040) 683
CALL AXIS(Ge100esb6MDETERMe 69100990000 YMINIDY4100) 695
CALL LINECVSARAY JDETRAY oKy Llolo4e XMINsOXYMIN,OY) 697
CALL LINECYSARAY JOETIAY oKy 192o4eXMINoOX s YNIN,DY) 699
CALL PLOT(174¢040-2) 701
ICHECKa FALSE.
¢C 10 17
CALL ENDPLT 704

w

ERROR MESSAGE NUNBER 1
END MAIN3990

ERROR PESSAGE NUMRER 2
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LINBO3  CONWAY PHASE NG

SIOFYC FOCTee DECK.DEBVG
SLBRCUTINE RCOT (VSO, VSe Ny FVS, EPS, BAX)

CINENSION SUBL24)

CATS SUB/Lloe=2e93e9=%e08e0"6erTar=Bes9ee-10s0dlesdorlorlarlerler
U 200200360¢5002004504¢10C4+100.7
CATA KKKKK/0/

CATA KICK/Z1/

CCMMCN /GET/GETOUT
CIMOCN/PLOTS/ ICHECK

LCGICAL GETCUT

LCGICAL PREV

CATA PREV/FALSE./

LCGICAL JCPECK

CCHNON /FROOT/ FVSHAG, NT, ICASE

. IALESS/ IMF

COmpLEX Fo FVSy FX0y FX1y FX24 FX3y G20 LAMCA3, ROUND,
. Te Tls T2, EL

REAL LAMDA2

LOGICAL 1ALF

CATA TEN1O/1.E9/

KKKKKaKKKKKS L

FACT1=1,00

FACT221.005

FFEKKKKK /282 o NEKKKKK) FACT1e.99
TF(KKKKK/29Z +NEoKKKKK) FACT22,995
LI ]

¥§ = VS0

(413 = RCUNCIF(VS))

IFL IALF ) GO 70 600

IFLICHECK) GO TO 530

IFL MAX EC. 0 ) GO TO 330

1F( FVSMAG .LT. EPS )} GO YO 530
FX0 = FvS

VS=FALTLIOVSC

FvS = ROUND( F( vS ) )

160 1ALF } GO TO 600

IF{ FVSMAG oLT. EPS )} GO TO 530
FXl = Fv§

X2=FACT2eVSC

VS = X2

FvS = ROUNDL FL VS ) )

I1Ft 1ALF ) GO YO 600

IF( FVYSMAG .LT. EPS ) GO TO 530
FX2 = FVS

H2m (=1, 186 { KKKKK=1 }®,0050VS0
LANCA2 » =0.5

/0070030
/0070020
ROOT0040

R0OOT0050
R00V0040
ROOTAOTO
RO0T0080
ROOY0090
/0070100
ROOT0110
R0O0Y0120
ROCT0130
ROOT0140

R00T0150
ROOYQ160
ROOTO170
ROOTO180

R0070190
R00T0200
ROOTO210

ROOT0230
ROOTO240
RO0T025%0
ROOT0260

R0070280
R0070290
ROGT0300
RO0TO310
RO0T0320

ROQT0 340

12431769
L} 9
22 23
30 ED
k1

000109
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LINBD3  CONwWAY PHASE N§ 12731768 000109 PAGE 13
ROOT e o = EFN SOURCE STATEMENT - [FN(S) -~
CELTA2 = 0.5 R0070350
ROQT0360
Cosese® EGIN ITTERAT IO Neoooo R0070370
230 G2 = FXOOLANCA20LAMDA2 - FXIODELTA2¢DELTA2 ¢ FX2¢(LANDA2 ¢ DELTA2)R00TO380
T = CSORT(G29G2 - 4.OFX28DELTA2OL ANDA2S(FXOSLANOA2 20070390
o = FXIGDELTA2 ¢ FXi)) ROOT0400 40
MeG2e7 ROOV0410
12a262-17 ROOT0420
Ta1} ROOT0430
IF (CASSIT2) «GTe CABSITLI) T » T2 ROOT0440 41 42
IF (CABSIT) oEQ. 0o) 6O TO 530 ROOT0450
RO0T0460 45
300 LAMCAS = =Z.9FX20DELTA/T ROOTV0470
¥S = X2 ¢ REALILAMCA3ISH2) ROOTO480
FVS = ROUNDIFIVS)) ROOT0490 50 51
16 IALF ) GO TO 400 R0070500
IFt FYSMAG oLT. EPS ) GC TO 530 ROOYOS10
N sNe] ROOT0520
IFIN.GT.HAX) GO TO 6CO
$3 = ¥§ = X2 ROOTO540
LANCAZ = H3/h2 ROOTO550
CELTA2 = L. ¢ LAMDA2 R00T0S60
£2%0 = X1 0070570
£x1 -2 ROOTO580
FX2 = FyS R00T0590
x2 = vs$ ®O0T0600
n2 = H3 R00T0610
1F (M2 «NE. 0.) GO T0 230 RO0T0620
ROGTO630
CovsasE N D 0F ETERATIL O Nesooo RO0T0640
530 CCNTINUE
LFUPREV) PREVS,FALSE.
KKKKK=0
KiCks}
RETLAN
600 WRITE(641000) VS ROOT0660 70
1000 FCRMATL 777 SIH seeeohESS THAN & ALPHAS WITH A POSITIVE REAL PART ROOTO670
. 7 32K eeeesCASE TERMINATED ( VS = 4 1PEL&.T, 2H } //  JROOTO680
IFLICHECK) GG TO 530
TFIKKKKK/282.NE.KKKKK) GO TO 956
vS0eVSO-5UB{KICK)
KICK=KICK+]
IF(RICK.EC.25) GO TO 999
998 RETURN 1
999 CCNTINUE
[F(PREV) GETOLT=,TRUE,
FREVs, TRUE,
KICKs1 *
BETURN
GC TC 530 ROOT0690
ERROR MESSAGE NUMBER 1
EAD ROOTO700

o et st e
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SIOFTC SETCT.

LINGO3  CONwAY PHASE L1}

DECK

CSEVCTE os8 SETCTE COMPUTES THE Co Yo E COEFFICIENTS FROM
Ce THE INPUT PARAMENTERS Go Po EPS, MUe LANBDA, NU

SUBRCUTINE SETCTE (MU, MUy LANBDAs COEFF)

CCMPCN 7ROTAT/ROTATE
LCGICAL ROTATE
CIMENSION CPR{&+6) ¢EPR{I,6),EPSPRII,I)

LCGICAL
LEGICAL

REAL

COEFF
8C324 AC23y AC24y AC14, AC3e
MUe NUe LAMBOA

CT£00020
CTE00030
CTE00040
CTE00050

CTE00060
CTE0O0QTO
CTE00080

COUBLE PRECISION GAMMA(3,3), Do To DRs AN» RNy RLo CMy SMy CNy SN,CTE00090

CIMENSION

CCHNCN

CCMNCN

CCHNCN
L

CATA
CATA

ACI2 =
AC2)3 »
AC24 =
ACle »
ACIA =
N =
&N =
RL =
CaLL
CALL

CLe SLo FFe Ry TIJ
LABE(G6), LABCLS), LABTIG)

JUITL/ CL20D.ELLTN,T(S)
JFRT/  GAMMAy D(3+3¢3¢30s Q(343,3)
/GPEPS/  GL21}, PC18), EPSLONI3,3)
/CSET/ CLIM, ELIN, TLIN
/CSET1/ ACLl2¢ AC23¢ AC24¢ ACL4e ACIS
/B8ETAN/ NBETA

OR /7 57.295779%1208232 /
LABEL 11 /34HTRANSFORNED PLEZOELECTRIC CONSTANTS /,
LABC{ 1) /30HTRANSFORMED ELASTIC CONSTANTS /,
LABT( 1) /36HTRANSFORMED DIELECTRIC CONSTANTS /

+FALSE.
JFALSE.
+FALSE. Lo . .
+FALSE.

LANBOA/CR

CSFUN
CSFUN

(MUs RM, SN, CH)
(NUe RNy SNy CN)

CALL CSFUN (LANBDA, RL, SLo CL)
GAMMA(1o1) = CLSCN = SLOCHOSK
CANMA(L,2) = SLSCN ¢ CLOCHOSN
GAMMA(L43) = SHeSN

GAMMA{241) ==CLOSN - SLOCMOCN
CAMNAL2,2) »=~SLOSN ¢ CLOCHSCN
CAMMAL2+3) = SMOCN

CANNA(3,1) = SLOSKH

CAMMALI,2) s=CLE*SN

GAMPALI,3) = CNH

CeessoSET UP O AND O MATRICESceoss

CTE00100
CYEOOL10
CTEQ0120
CTEOOL30

CTE00150
CTE00L60
CYEOOL70
CTE00180
CTE00190
CTE00200
CTE00210
CTE00220
CTECO230
CTEQ0240
CTE00250
CTEC0260
CTE002T0
CTE00200
CTE00290
CTE00300
CTEQO310
CTE00320
CTE00330
CTE00340
CTE00350
CTE003460
CTE003T0
CTEQ0380
CTE00290
CTEQ0400
CTEQO410
CTE00420
CTE00430
CTE00440
CTE00450
CTE004460
CTE004T0
CTE00480

12/73176%
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LIMG3
SETCT. -
Cllelelel)d = GIY)
€l2020242) » G12)
€83+34303) = G(3)
Cllele242) = C(&)
€(2:24101) » G(&)
Clleleded) = Gi5)
Cl3¢3,2e1) = CUS)
Cll:1e2¢3) = Glo)
Cllele302) = Glo)
C(2e301el} = Gis)
Ci3+2¢101) = Gl6)
0lleleled) = GU7)
Cllelodel) = G(T)
Clle3edel) = GITY
0(3+lelel) = G(TY
Cllelele2) = GlO)
Cllele2o1) = GiIO)
C{le2¢101) = Gi8)
Cl2+14141) » G(B)
€62+2:343) » GU9Y
C(3+3,2.2) > G(9)
C(2:24243) = G(10)
Cl24243+2) = G(10)
C(2434242) = G(10}
0134242421 = G(10)
C124241+3) = G(11)
C(2424301) = G(11)
Clle3e2,2) = Gl11)
Cl3e14242) = Gl11)
06(242.142) = 6112}
B802424201) = G(12)
Dile2+2+2) = 6(12)
0(2414242) = Gl12)
C{3¢3:2,3) = G(13)
C(3+34342) = G(1DY
Cl2¢34303) = G(1D)
C13424343) » G(13)
Cl34301e3) = G(14)
01{3¢34341) = G(14)
C{1434343) » G(14)
Cl3:14343) = Gl10)
Ce3+30102) = G(15)
Cl3e342e1) » GU1S)
Clle203:3) = G(15)
€t2414343) = G(15)
Cl203+243) = G(16)
Cl24343:2) = G{lo6)
C(3424243) = Gllo)
C103424302) = G(16)
€(2+34143) = GIIT)
= G(17)
C(3e24103) = G(1T)
003+24341) = GUIT)
Clls34243) » G(1T7)
Ci3414243) = GIIT)
061+343+2) = G(1IT)

CONWAY PHAS
EFN

3
SOURCE STATEMENT

N4
~ IFNIS) -

CYE00490
CTE00500
CTE00S10
CYE00520
CTE00530
CTE00%40
CTE00550
CTE00560
CTE00570
CTE00S80
CTE00590
CYE00400
CTE00610
CYE0Q620
CYE00630
CTE00640
CTE00630
CTE00660
CYE0O670
CTE00680
CTE00490
CTEQOT00
CYEQOT10
CTE00720
CTECOT3O0
CTECO0740
CTEOOT30
CTEC0760
CYE00TTO
CTEQ0T80
CTE00790
CTE00800
CTEOO10
CTE00820
CTE00830
CTE00840
CTE00850
CTE00860
CTEQ0870
CTECO880
CTE00890
CTE00%00
CTEQO0910
CTEQ0920
CTE00930
CTE00940
CTE00950
CTE00960
CTEQ0970
CTE00980
CTE009%90
CTEOLU00
CTEOLO010
CTEOLO20
CTENL030
CTEOL040

12731769
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SETCT.

C(3e143.2)
Cl2+3,142)
Cl2+342,1)
0€3.2+142)
04{3:24241)
€{14242.3)
Cl2¢142,3)
Cl1+243,2)
C{2+3+3020
Clle3e1.3)
€lle3s3eld
0t3.101,3)
C(3+243,1)
D{le3el42}
Clleds2.18
Ci3.1.142)
Cl3ele2.1)
Clle241.3)
Cl24141,3)
Cll42+3,1)
C{24143.1)
€{1.241,2)
Clle2+241)
Cl2414142}
Cl2414241)
Cll,el.1) =
Cl1e242) =
€lle3,3) =
€lls2423)
€ll.3,2)
Cilel.2)
Cl1,3,1)
Cll.1,2)
Clle2.1)
Cl2+141)
€l2¢2,2)
€(2+3,3)
€62,2,2)
€l2:342)
Cl2.1e20
€(2.341)
€l2.1,2)
€(2+2.1)
Ct3,1.1)
€034242)
€(343.3)
Cl3.2,2)
€l3,3,2)
Ci3.1.3)
Ct3,3.1)
€(3+1,2)
{3,241}
€t 1) sfF(1
Ct 2) =FF()
Cl 3) =FF(}
Ct &) «FF(}

Lineo3

s GIIN
Gt1e)
({81}
Glle)
Gile
Gt18)
G(18)
Gl182
Gi18)
G(19)
Gl19)
G(19)
G191
Gl20)
Gl2o}
Gt20)
6(20)
6{20)
G(20)
GL20)
[d¥{:1]
[1¥28]
6(21)
[1¥33]
2 G(21)
(494
pL2)
PL2)
Pla)
P4
PSSy
P(L)
P(6)
FLé)
[{x]]
pLe)
Pts)
{10}
PL10}
D
PL11)
FL12)
(AR t4]
P(13)
Plle)
PL1S)
P16}
PL16)
L)
PL17)
pL18)
PLL8)
elelel}
le3e3)
01e2e3)
elele3)

CONwAY PHAS

EFN

3
SOURCE STATEMENT

N§
= IFNLS) -

CTEOL050
CTEO0L1060
CTE01070
CTE01080
CTE0L1000
CTEOL1100
CTEOL110
CTE01120
CTEOL130
CTEOL 140
CTEOL1SO
CTECL160
CTeoll70
CTEO01180
CTEOL190
CTE01200
CTeol210
CIeol 220
CTEO1230
CTE01240
CTEOL250
CTEOL1260
CTeol2r0
CTED1280
CTEQ1290
CTEO01300
CTe0l310
CTEOl32¢
CTEOL1330
CTEOL 340
CTEOL350
CTEO1360
CTEOL370
CTEQL380
CTEOL390
CTE01400
CTEOL410
CTE0l420
CTEQL430
CTEOL440
CTEOL1450
CTEO1450
CTEQ0L,HT0
CTEOL480
CTEOL1490
CTE01500
CTEOLS510
CTEOLS520
CYEO1530
CTEQL1540
CTEQ1550
CTEO1560
CYEO1570
CTEOL1580
CTE01590
CTE01600

12731769
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LINSO3
SETCT. - EFN

Cl 5) =FF(3434343)
CE €) =FF(3:3,243)
Ct 7} =FF(3:34143)
Co 8) oFF{de3e102)
Cl 9) sFF1 2434243}
CC10) =FFl2:3+1+3)
CU11) =FF(2¢34142)
€€12) =FF{1,3¢1.3}
Cl13) sFF(1s34142)
Cl14) =FFl1e241020
Ci15) »FF(le14d02)
Cl16) 2FF(1:1+242)
CL17) sFF(2424143)
Ci18) =FF(2424142)
CLL9) =FF(2+2+2+3)
CL20) *FF(24243+3)

IF1 «NOT. RCTATE) GO TO 1601

CHRIL,2ISFF(Llslele])
SPRUL2)ImFF(L910202)
CPRIL.3)SFF(® 14343)
CPR(1e4)aFF(1s1,22)
CPRIL SVaFFl1e2e1,3)
CPRLL.6I=FF(Lls14142)
CPR12,2)3FF(2424242)
CPR(2:1)9FF(2420343)
CPR(2:4)=FF(202+243)
CPRU2:,5)2FF(2020143)
CPR(2,6)=FF(2+24142)
CPRi{3+3)=FF(3,34303)
CPR{:4)2FE(34342,3)
CPR{3,5)3FF(3¢3c143)
CPRUe6)IFF(3e30142)
CPREAV4ISFF(2430242)
CPR{4,5)aFF(24301,2)
CPRU4y0)=FFl24301e2)
CPR(5,5)=FF{1e3s1,2)
CPRI5.:6)5FF(1e30142)
CPRL6:6ImFFI1424142)
CCNTINUE

co 10 121,20

IFC ABSL CUI) © oLT. CLIMN ) CUI) = O,

CONTINVE

£t 1) = Ril.301}
EL 2) = R(1,3,3)
€4 2) = R{1s243)
Et 4) = RL1,143)
E( 5) = R(1s142)
€L &) = R(3.1,1)
EL 7} = R(3e3.3)
EC 8) = R(3,2.3)
€t 9) = R{,1,3)
E(10) = R{3el42}
E{11) = R(1.242)
E(12) = R(2,2.2)
E(12) = R(2+1.,1)
ELl4) = RE2423,3)

WAY PHASE N6
SOURCE STATEMEAT - [IFNIS) -

CTEQL1610
CTE01620
CTE01630
CTEQL1 640
CTE01650
CTE01660
CTE01670
CTED1 680
CTEQL690
CTEOLT00
CTEOLTLO
CTEOLT20
CTEQ1 730
CTEQL740
CTEDL 750
CTEOLT60

CTEOLTTO
CTE01780
CTEOLT90
CTE01600
CTEOL810
CTEO1820
CTEOL830
CTE0L840
CTC01850
CTEOL1860
CTE01870
CYEQLe80
CTEC1890
CTEQ1900
CTE01910
CTEO1920
CTEO01930
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LINBO3  CONWAY
-~ EFfN

PHASE N4
SOURCE STATEMENT -~ [FNIS) ~

SEICT.
EL1S) s R(2,2+3) CTEOL1940
€l16) = Rl2,143) CTEOL950
ElL1T7) = R1241,2) CTEQ1960
IF{.NOT. RCTATE) GO 10 1602
EPR{1,1)=R{1,1.1)
EPR(L1,2)sR{1,2:2}
EPR(1,3)=R{1,343)
EPR(Le4)sR{1+2,3}
EPR(145)=R{101.3}
EPR{L1,6)=R(14142)
EPRI2.1)3R(2,141}
EPR(2,2)aR(24242)
EPRI2,3)8R1Z,343)
EPR(2,4)%R{2:2+3)
EPRI2,5)3R{2+143)
EPRI2.60aR1Z,142)
EPR{3 1inR{3,1,1)
EPR{3,2)0R(34242)
EPR“3,3)aR12,3,3)
EPRII 6 InN12,2,3)
EPR(3.5)=R12,143)
EPR{3,6)=R{3e1esy
1602 CONTINUE
€C 20 I=1,17 CTE01970
IFL ABSE ECL) ) LT, ELIM ) ELI) = O, CTEOL1980
20 CONTINUE CVE01990
EPSLENE3.2) = EPSLONL2,23) CYEQ2000
EPSLCNI2+1) = EPSLON{L,2) CTEQ2010
EFSLON(3+1) = EPSLUN(143) CTE02020
Te1) = TIo(140) CTEQ2030
T2} = Y1a(1e2) CVEC2040
T(3) = T1J13,3) CYE02050
Tte) = TiJl2.11} CTE02060
TI5) = T1Jyl2.2) CTEO2070
IF{.NOT. ROTATE) GO TO 1603
EPSFR{1,11=T1J(2,1)
EPSPR(1+2)aT1ul142)
EPSPR{1439=T14(1,3)
EPSPR{241)=T3Jl2,1)
EPSPRI242)=T1J12+2}
EPSPRI2,433aT1J(2,3)
EPSPR{3.11aT1J(3,1)
EPSPR(342)=T14(3.:2)
EPSPR{3,3)sT1J(3,2)
1603 CCNTINUE
CC 30 I=1,5 CTEQ2080
TFL ABSE FUL) ) oLT. TLIM ) T(I) = O, CTED2090
30 CCNTINUE CTEQ2100
CVEO2110
CooeeoSEE [F PIEZOELECTRIC COEFFICIENTS ARE ALL ZEROsosves CTEC2120
NBETA = 3 CTEQ2130
CC 470 K = ], 18 CTE02140
IF (P{X} oMNEe 0o} GC TO 490 CTEQ2150
470 CCNTINUE CTE02160
NEETA = 2 CTEO21T0
490 CONTEINUE CVEO2130

e - — s mww O N,
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LINGO3  CONNWAY PHASE N&
= EFN SOURCE STATEMEAT -~ [IFNIS) -~

SETCT.
EFL CU10)0.EQa00 <AND, CU3)oEQs0s <ANDs Ci13):EQe00 +AND. ctsozgo
- Cil15)«E0.0. )} ACI2 =  TRUE. CT£02200
IFL CU6).EQOs +AND. CUB).EQ.O¢ AND. C(10).EQ.Cs +AND. CTE02210
. Cil3).60a00 )} AC23 = TRUE. CVE02220
IFL E(8).ECe0. oAND. EU3)1.EQele «AND. E(10).E0.0. +AND, CTE02230
. E£51.E0.0. ) AC24 = LTRUE, CTE02240
1Rl E(9).ECo00 oAND, EL4)oEQeDs oANDs E(6).EQ.0s +AMD, CTE02250
. ECL0.ECe00 } ACL4 = LTRUE. CTE02260
BFL E4TICEC.O00 «AND. E(Z14EQe0e oANDs E(S).EQeOs +AND. CrE02270
. €14).E0.00 ) ACI4 = TRUE. CTEO2200
IF( COEFF ) WRITE(6.1595) LABCy ¢ C(I)y 121,20 ), CTE02290
. LABE, { E(L)s 130017 )y LABT, § T(l)y Iw145 ) CTE02300

IF(.NOT. ROTATE} GO 10 1604
WRITEC6o1600) CPRUL1),CPRE242)4CPREIGIECPRILL2),
2 CICPRETedDod=3 o) 11,20,
1] CECPRET 0 dD o dnbo6)p1u394)sCPRISe5) oCPR(S46)+CPRIG 6D,
LOCEPRIT oD 0ot ) 18 1g3 ) ((EPSPRIT oJ) 0d%193)0ln]3 )
1600 FCRPATISH C  «2)U/ENBT)e/95H E o18L/ELR.T)o/o5H EPS,9(/ELIR.T))

1)

1604 CONTINUE

1599 FORMAT( 1HO.4Xe5Abe 10H ( CULLIY, 1=1,20 ) /7 200 IH L1PE1S.T/ } /7 CTEOQ2310
. 1HO4Xe6AG, 18H ( E(LDy I=1,17 ) /7 L7C 1N +QPELD.T/ ) / CTEO2320
. 1HO0+4Xe6A8 ¢ LTH { Ti1), 1s1,5 ) 77 S 1K LLAPELB.T/ ) )  CTEQ2330
RETURN CT€02340
€nd CT€02350

12/31/69
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LINSO3  CONWAY PHASE Ne

SIBFTC ACUND. CECK

CRCUNC
CCMPLEX FUNCTION ROUNC (F)
REAL |y F(2)
f = (1Y
I = F(2)
IF (R <EQ. 0. JOR. 1 +EQ. 0.) GO TO 10C
IF (ABS{1/R) JLT. 1.E5) GO TO 50
LI D
GC T0 100
S0 IF (ABSIR/I) oGEe 1.65) 1 = O,
100 RCUND = CMPLXIR, 1)
RETURN
END

ROUNDO20

ROUND14O

12731765
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LINSO3  CONWAY PHASE N4

SIBFTC CSFUN. DECK

CCSFUA

100
150

200

SUBRCUTINE CSFUN (Y, RX, SX, CX)

CCUBLE PRECISION RXe SXo CX

k=Y

EF (X oLTe Go) X = X ¢ 360,

IF (X +EQs C¢ +OR. X .EQ. 180.) GO TO 150
IF (X +EQs 90+ «ORe X ,EQ. 270.) GO TC 200
SX = DSINCRX)

CX = DCOStRX)

RETLAN

Cx =1,

X = 0.

IF (X +EQs 180s) CX = «},

6C TC 100

X = 1.

Cx = 0,

IF (X +E0s 270.) SX = ],

€C 10 100

END

CSFUND20
CSFUNO3O
CSFUNOYO
CSFUNO30
CSFUNDLO
CSFUNOTO
CSFUNOSO
CSFUNOYO
CSFUN100
CSFUNLLO
CSFUNI20
CSFUNL130
CSFUNL4O
CSFUN1SO
CSFUN160
CSFUNLTO
CSFUNISO
CSFUN190
CSFUN200

12731748
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LINGD3  CONBAY PHASE Ne

SIBFTC FFoooe DECK

CFF

50

CCUBLE PRECISICN FUNCTION FF Ll Jo Ky L)
CCupCh JFRT/  GAMMAL{Io3y DU3434303)y 01343,9)
OOUBLE PRECISION GANMA, D, O
INTEGER Ry So T4 U
Ffa O.
CC S0 R =
€C S0 5 =
cc o1 =1,
-
G

-
-
e w

cC S0 v
FFaFF ¢
RETURN
EAD

.
AMBACToR)CGANMAL JoSISGAMMALIK o T)SGARMALL sUDSDIR,S,T,U)

££000020
FFG00030
FFO00040
FF000050
FF000060
$£000070
FF000000
FF000090
FF000100
FFO00110
FF000120
FFO0C130
FFO00140

12731768
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LINBO3  CONWAY PHASE N&
SIBFTC R, DECK
cr
GCUELE PRECISION FUNCTION R (1o Jo K}
CCMMCN  /ERT/ GAMMAL3.3)y Di3¢303.3), 013434 2)
COUBLE PRECISION GAMMA, Dy @
INTEGER So To U
R =0,
L0 50 S = 1s 3
cC 0T =103
cCS0Us= 1,
SO R=R ¢ GAMNALToS)SGAMMALJ s TISGAMMALK U #QLS T U}

RETURN
END

R0000020
R0C00030
20000040
R0000050
0000060
RO0D00TO
R0000080
RO000090
%0000100
RO000110
0000120
R0000130

12731768
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LINBO3  CONWAY PHASE

SIBFTC TiJ. OECK

(220

50

COUBLE PRECISICN FUNCTION TIJ (1, 00

CCMKMEN  7FRT/  GAMMA(3.3), JUNKLE108)

CGMMON /GPEPS/ GL21), PU10), EPSLGHI3,3}
CCUBLE PRECISION GANPA, JUNK

INTEGER R, S

T3 = 0.

CCSORrR= 1, 3

CC 50 § = 1, )

T1J = T1J & GAMMAL L R)SGAMMALS, SISEPSLOMIR,S)
RETURN

END

Ne

11400020
11400030
11J00040
71400050
11300060
711400070
713500080
71300090
11300200
1400110
11400120
T1J00130

12731765
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LINBG3 CCNmAY PHASE Né

SIOFTC Foveee GECK

CF THIS FUMCTICN EVALUATES THE L DETERMINANT FOR A VALUE CF vS F0000020
Cs FOR EITHER THE LITHIUM OR GOLO LETHIUN CASE £0000030
Ce £0000040
Covone 28000008 a0 8500500280200 00000%0 0000050
F0000060
CCMPLEX FUNCTION F (VS) F0000070
£0000080
CCMNCN 722127 CLCEWCT
[d<.1 o ] JEROOT/ FYSMAG, NT, ICASE F0000100
/BETAN/ NOBETA F0000110
. JCSETL/ ACL2, AC23, AC24, ACL4, AC34 F0000120
CCHMON JLINK /7 ALFAL8), ALFAL(B)s EL(100)s ALFAALG), F0000130
. ALFAB(4), BETAA(3,06), BETAB(4.4), EPSO, F0000140
. MUA, LANDAA, RHOA, MLB, LAMCAB, NUBs RHOB, F0000150
. VSXeKS, EPSLONs DIGIT, WHy WXA, WXB, KL, F0000160
. KM, ALL, ROCTS, ITER, COEFF, DETERM, POLYN, F0000170
. ALPHA, BETA, MAX £0000180
. ICIA7 TALS) F0000190
. 7CCH /7 ACAP. EPSR F0000200
. IGPEPS/ XGU21), XP{18), XEPS(9) F0000210
. JALESS/ IALF F0000220
) JCLFL /¥ XAGNL
F0000232
CCrPLEX ALFA, FVS, ELs EALG), EBL4), UAL3), UB(3),. ALFAL, F0000240
. ALFAA. ALFAB, BETAA, BETAB. POLY(9)s JIMAG, F0000250
. Bll4s4) e CAy 08, OCo ELLELG,100, ALF(8), AOLD(9} F0000260
CCMPLEX ALFl, ALF2y XEL(100}s XXEL{3 .3} F0000270
COMPLEX ell, 812y, B13, Ble., B22+ B23, 824, B33, B34, Bé4, AK,F0000280
. 8B(3,4).8B1(3,3),8ETABLIG),
. BlAI203) 4BETAX( 2),CX0CX1+B1BL4 44}
REAL MUA, LAMCAA, MUBe LAMCAB., NUBs CA{4e4)s CB(444), F0000300
. COtavddy CLL20) 0 CE(2T), CT(S5), BIO(2¢444) £0000310
LOG ICAL ALLe ROCTSy ITER, COEFF. DETERAM, POLYN, ALPHA, BETA, F0000320
. FXAGNL o
. ACAP F0000330
LCGICAL AC12, AC22, AC24y ACl4e AC34, IALF FO000340
F0000350
CIMENSION ALABE 3420, TALE3), [A2(3)y LAB(3) F0000360
CIMENSION Plx(4), NB(4) F0000370
EQUIVALENCE (EL., ELL)y { 81, 81D ), 0000380

(CCE9Ys Ch4)y (CCLLO0DCES5)y (CCULL)4Ch0),
(CCE12)0C5500 (CCULIDoC56), {CCUL4)CH6),
tCCrts)eL16)e (LECL), E11Ds (CE(2), E13),
(CE(3)ys El4ds (CEL4D, ELS)e (CE(5), €161},
(CECS)y E2100 (CE(T)s E33)y (CE(A)s E34),
(CEC9) s EIS)e (CE(L10),E36), (CTLL)y T1RD,
(CTE20, T13)y HCTL2)y T33)

R EREREEE]

(CCt11y Cl1Dy (CCEZD, CL3), (CCU3Dy Cl4)e (CCL4),C15),F0000390
(CCUS)e C€33), (CCLEDs CI4), (CCLT), C35), (CC(B),C36),FO000400

FO000410
F0000420
F0000430
F0000440
F0000450
F0000460
F0000470
FanDn4An

12/31769
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LINBO3 CONNAY PHASE N&
Fooess -~ EFN  SOURCE STATEMENT -~ IFNIS) -~

CATA LABLL)I/18H t1.3) (2,40 CASE / £0000490
CATA JIMAG /7 (Qeoled /o CXO9CX1/(00000d0ollay0e)/ F0000500
CATA ALAB(141)/564H) ROMs 3 ZEROC CASE4 ROW, 2 ZERC CASEZEROF0000510

«~PIEZUELECTRIC/e TENoTEN10/1.E-1041.E1C/
£0000530
Cl1C AX ) = AK & { CS5%AK ¢ CHPLX{0..{C15¢C15)0 ) = C11 + RYVS F0000540
BI2C AK ) = AK & ( CASSAK ¢ CHPLX(O,,{C14¢C560) ) - Cl6 F0000550
131 AK } = MK * { C358AK ¢ CHMPLX(0.,(C13¢C55)) ) - (15 0000560
Blel AK ) = =AK ® { E3ISOAK ¢ CHPLX(O.+(E15¢€E31)) ) ¢ ElL F0000570
B220 AK ) = AK & { CH4SAK ¢ CHPLX(O.o(C40¢CH060) } ~ (66 » RVS F0000580
B231 AK } = AK & ( CI4H®AK o CHPLX{O.,{C384C45)) ) -~ (56 £0000590
B4l AK ) = =AK & { EIGOAK + CMPLX(O. (E140E36)) ) ¢ E16 £0000600
£33( AK } = AK & ([ C336AK ¢ CMPLX(0,,((35¢C35)) ) = C55 ¢ RVS F0000610
B34( AK )} = ~AK ® { EI3OAK ¢ CMPLX(O.,(EL3EIS)} ) o E1S F0000620
B4bl AK } = #8k & { TII®AK ¢ CMPLX(O0.o( 11307130} ) - 111 0000630
F0000640
TIALF = JFALSE. F0000650
ICASE = 0 F£0000660
Wy = 0 F0000670
Kl =1} F00004680
K2 = & F0000690
tl =1 F0000700
12 = 16 F0000710
181 = 1 £0000T20
182 = & £0000730
FO000T40
CeooesCALCULATE COEFFICIENTS OF POLYNOMIALsoeee £0000750
490 RVS = RHOBOVSOVS £0000760
CALL STRIP (POLYs VS, RHOB, ALL, POLYN) £000CT70
CALL CRGOT {POLY, AOLD, NT, ALFA) F0000780
IF (NBETA .£0. 3) GO TC 520 FO000790
CC = 133 ¢ 132 F0N00800
DA s CMPLX{0es -T13 - T13) 0000810
€8 = CSORTICMFLXI-4.9T12¢T13 ¢ 4,8T118733, Ot} F0000020
ALFl = {0A + (B)/0C F0000830
SUF2 = (DA - CBM/OC F0000040
LC €101 = 1. 8 £0000850
IF (CABSUALFA(L) - ALFLl) oJLEs L1.E-5) ALFALL) = (~10.,-10.) £0000660
IF (CABSUALFA(I) = ALF2) JLE. 14E-5) ALFALL) = (~1044-10.) FO000870
510 CCNTINUE £0000880
520 CC €25 1 = 1, 8 F£0000890
525 ALFUL) = ALFALL) F0000900
IF( RUDTS oOR, ALL ) WRITE(6,528) { ALFil)e 1=1,8) F0000910
528 FCRMAT (33FOINTERMEDIATE ROOTS OF POLYNCMIAL//(L1H o 1PBEL13.S)) :ooooqgo
0000930
Cooee o SELECT POSITIVE REAL ROCTSecess F0000940
CC 789 X=1l,4 F0000950
789 1A(K) = K F0000940
Ks 0 F00C0970
CC ¢301 =1, 8 F0000980
RA = REALUALFALLY) £0000990
IFL RA JGT. 0. ) GO TO 610 F0001000
GC 10 630 F0001010
610 K = K ¢ ] F0001020
ALFABIK) = ALFALL) r0001030
IF{ K «FQs 4 ) GO TO €4C £0001040

12731768
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LINSO3  CONMAY PHASE Né
Fosnes = EFN SOURCE STATEMENT - IFM(S) -

630 CONTIMUE
IFL K oJLE. 1 } GO TO 63
IFt AC12 .AND, AC23 ) GO TO 31
IF{ NBETALEC.2 oANDe K.EQe3 ) GO TQ 640
GO TC 634
631 IF{ NUETA .EC. 2 ) GC TO 400
IFL «NOT. #C24 ) GO 10 €36
IC =1
IFl X .EQe 2 } GO TO 140
632 WRITE(04633) ( ALABLL,ICY, =143 ), K
633 FCRMATL //7 16H o0 CEGENERATE +3A6,3H (412,94 ALPHAS } )
636 IALF = TRUE.
GC To 1357
636 IF( JNGT. ( ACL4.AND.AC34 ) ) GG TO 634
GC TG 280
637 WRITE(6.,63E) K
638 -CRPAT( ///7 23N oo NUNBER OF ALPHAS =,12.
. 20H <~ CASE TERMINATED / )
CC T0 63¢

640 IF (NBETA <EQ. 2) ALFABI4) = (C.e0.)
LF{ ROOTS oOR. ALL ) WRITE(O.T788 ) ( ALFABIK), K=21,44 )
788 FCRMAT (2BHOINTERMEDIATE POSITIVE ROOTS//(L1H , 1PBEL3.5))

Cooee o CALCULATE EETA Bo0ene
K& = NBETA ¢ ]
810 CC S80 K = 1, K&

Bl(l.1) = BIlL ALFABIK) )
8l(1,2) = B12( ALFABIK) )
Bll1,2) = 2130 ALFARIK) )
Blilee) = Blal ALFAEIK) )
8112+2) = £220 ALFAB(K) )
B8142,3) = 8231 ALFABIK) )
lt2,4) = R241 ALFARIK) )
€1¢3,2) = 832 ALFARIX) )

)

Bl(3e4) = B4l ALFABIK)
e1¢2,1) = £1{1.2)

e1(3,1) = B81(1.,3/

BY{2,2) = B1(2,3)

1F NBETALEC.Z) GO TO S«C
ell4sl) s=2111.,4)

Ellhe2) 2-BL(244)

Bli{4:3) s-01{3,4}

8l(4s4) = Bo&( ALFABIK) )
1FIX.GT.1) GO TO 820

CooeneCrECK FOR DEGENERATE CASESeeces

CGC 020 i=1.4 .

ABUI) = O

LC 20 umles

TF( B1D(L1s1+J)0EQ.00 +AND, BIDI0L¢d)eEC 00 } NB(I) = NB{[) ¢ 1

820 CCNTINUE

IFL ABL2) +&C. 3 ) GG TO 100

IFt NBUL)ONELZ «0Rs NBL2)oNEs2 <ORe NBL2).NE.2 +OR. NB{4).NE.2 )
. GG TC 830
GC TC 200

12731769

£0001050
F£0001060
F0001070
F0001072
FO001074
0001000
F0001090
F0001100
FOOO0L110
FQo01120 117
F0001130
FOOOL 140
F0001150
£0001160
FOO01170
FO001180 130
F£Q001190
0001200

. FO001210

FO001220
FQ001230
F0001240 125
£0001250
F0001260
F0001270
F0001280
F0001290
F0001300
F0001310
£0001320
F0001330
F0001340
F0001350
F0001360
F0001370
FQ001380
FO0011390
F0001400
0001410

F0001460
F0001470
F0001480
F0001490

FO001440
F0001450
F0001500
F0001510
FoOOO1520
FLo01530
FO001540
FQ001550
F0001560

F0001580
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LINSO3  CCNRWAY
- EFN

SOURCE

PHASE
STATEMENT -~

N& 12731769
IFMS) -

CoooooPIEZCELECTRICoeuee
030 IF{ ACAP ) WRITE(6+575) Ko & ( BlIvJ)e Joled )y 1214 }

185

840
850

860
810
75
280

890

CC €50 1s1,3

CC €40 J=1.2

81B(Je L)=BREJ [ISTEN
818(4. 1)=81(4,1)
18(1.4)=81(1.4)
B81B(4.4)=BL{4,4)*TEN]C
KK=s4

IF(FXAGNL) GC Tu 9CO
CC €70 U=l .4

CC 870 i=1,3

8B 1,Ji=B18(1,J)

IFL ACAP ) WRITE(64875) Ko ( & BBUIed)e Jnloé )y I+]1.3 ) 222

FORMAT(4HOBEL o 11 01H} o//(1H,1PBEL3.5))
CALL CMATS(BB.BETABL(1)¢3+1,819¢0)
CEVABL(RK )=CX]

QETABI4/K)=BETABLI4)

CC 890 J=1,3

BETABIJIX)=ZBETABLL J)STEN

GC TC S80

Cooes oFEXAGONAL CRYSTALecsoe

260
%10

920
930

CC 910 J=1,2

€C 910 f=1.3
EB1{LsJ)=81801,4)

CALL COET(EB1,3,FVS.KEXP)
TYSMAGSCABS(FVS)
IF(FVSMAG.GT.1.E~5) CO TO 860
KKk=1

€0 S30 I=1.3

€0 520 J=1.3

88L1,J)sBLlB( 141,41}
88¢[+2)s~BB(],43)
0B({s4)x~01811¢1,1)

231

253
255

IF( ACAP ) wRITEL6,875) Ky { { BBUIsJ),Y

Jelebh )y 13143 )

CALL CMATS(BB.BETABL(2)4+3,1,819€0)
GC TO 880
Cooeo oZERC-PIEZUELECTRIC CASEvecae
940 IFL ACAP ) WwRITEL(6+974) Ky ( € BLUIed)s J21e3 1o I=1e2 )
§74¢ FCRMAT(6HOACAP(,Lls1h) 7/ (LK o1P6EL3.S))
975 FCRMAT(OHOACAPI.1Ls1H) /7 (IK L1PBEL2.5})
el(3,11=81(1.2)
81(4s142B11242)
1(1,2)s=81(1,3)
01(242)2-8112,3}
K2=3
CALL CMATS(B1+BETABL1,K)+NBETA,L48166C )
CETABL4/K)=(X0
CETABII.K)=CX]
980 CONTINUE
IF (NBETA JEC. 3) GC TO s83

CooasolERC = PIEZCELECTRIC CASEscons
CC 982 1 = 1. &
BETABIL4) = (0440,)
(C 982 J =1, 3

F0001750
F0001760
F0001770
F0001780
F0001790
F0001800

274
283

287

298
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184

LINBD3  CONWAY

Fosons - EFN

PHASE N4
SOURCE STATEMENT - IFN(S)

902 BETAB(I.J) = DETAB(I,4)01.E-10
GO TO 983

Coeosael RCWe 3 LERG CASEsecee

Covsosl 4 ALPHAS }oeaeeo

100 CONTINUE

ICASE = 1

Js 1l

BMIN = TABSE B81(2.2) )}
CC 110 X=2.4

B1X = CABS( 822( ALFABL X ) ) )
IFt 81X +GE, ENIN ) CO TO 110

J= K

eFIN = B1X

110 CCNTINUE

1a(1) =

JA 2 2

CC 120 K=1,4
IFL K .EQ. J ) GO TO 120

180JA) = K
Jb a2 JA ¢}

120 CONTINUE
BETABI241) = ].C-10
BETAB(L.1) = (X0
EETAB{3,1) = (X0
BETABI4:1) = CXO
41 = 2
J2 = 4

125 €€ 130 J=Jd14J2
K= [A(J)
SUA(141) = B11L ALFAB(K)
lAa(2.1) = B131 ALFAB(K)
81A(. ") = B3 ALcABIX)
ElA{l 50 = =Bl&l ALFABIK)
B8la(2,3) = -B24( ALFAB(K)

BETAX = BLA{L1,1)8B1A(245)

CETABLILed) = ( BIA(2,1)8B1A1203) ~ BLAGL,3)*BLAI2:2) ) / BETAX

CETAB(2,J) = (X0

EETABIZ.J) = ( BLAC2,L)#BLA(1,2) ~ BLACL,1)981A22,3) )} / BETAX

130 PETAB(4.J} = CX1

IFt ICASE
6L TG 270

«EQ. 3 ) GG TO S83

Cevacel 3 ALPUAS locees

140 (CASE = 3
M =0

€O 150 Isl,k
IFL CABSL 8221 ALFAB(I) ) )

150 CONTIME

IF{ Nl oLTe 3 ) GO TO 632

Jl s}
J2 = 3
K2 = 3
182 = 3

- BlA(241)0e >

o6Te 1.E7 ) Nl = N1 ¢ 1

Foo01810
F0001820
F0001830
F0001840
£0001850
F0001860
F0001870
F0001880
£0001890
F0001900
0001910
F0001920
F0001930
F0001940
F0. 01250
F0001960
£0001970
F0001980
F0001990
F0002000
F0002010
£0002020
F0002030
FG002040
F00020%0
F0002060
F0002070
£0002080
F0002090
F0002100
F0002110
F0002120
F0002130
F0002140
FON02160
F0002170
F0002180
F0002190
F0002200
F0002210
0002220
F0002230
FO002240
F0002250
F0002260
F0002270
F0002280
F0002290
F0002300
F0002310
F0002320
F0002330
F0002340
F0002350
F0002360
F0002370

12731766
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LINBQ3  CONWAY PHASE N&
Foeeoo « EFN  SOURCE STAVEMENT - IFNIS) -
te = 12
18 = 3

BRITE(O,160) | ALABLTo1De 15103 Do § 1y ALFABLID, IwleX )

160 FORMAT( 7//7 15H o8¢ CERENERATE (3A6e14H ( 5 ALPHAS ) /

. [EREL] ALPHAL o 1103H) =, 1P2E13.5 7 )
GC 10 125

Coevond RCNe 2 2ERD CASEcevee

Coveosl & ALPHAS Deceos
200 CONTIMUE
ICASE = 2
Q1X{Li « CABS{ BL(1+210B1(343) ~ BL(2,30082 )
J= 1
erin = Blxil}
CC 210 Ka2.4

B1X{K) = CABSU BLLCALFABIK)I1®833(ALFARIK]II-BLI(ALFAB(K)Ive2 )}

1FL BIXIK) JGE. BMIN ) GO TO 210
4 =K
SMuIN = BLX(K)
210 CONTINUE
=1
IFL J EQ. 1 ) 1 = 2
CC 220 Ksl.4
IFL K +EQ. & } GO 10 220
TFL BLX(K] «GE. BLX(1) ) GO TQ 220
1=K
220 CCNTINUE
230 CONTINUE
JA =3
Jé = 1
00 240 k=1,4
IF( KoEQed .OR. K.EQ.I ) GO YO 235
1A(JA) = K
JA = JA 4]
GO TO 240
235 1ALJB) = K
JB = JB ¢+ }
240 CONTINUE
245 £C 250 K=1,2

1+ lAK}
BEVAB{LeK) » ~ BIICALFAB(ILNY 7 BLLLALFAR(L)) = 1.6-10
BE(ABL2.K)} = CXO
BFTAB(3.K) = 14E~10
250 PETABI4eK) = CXO

IFL 1CB +EQ. 1 } GO 10 s83
255 OC 260 K=3.4
I = LAIK)
CETAB(1.K) = (X0
BETABL2.K) = B24LALFAB(I)) /7 B22LALFABLI))
CETAB(3.K} = (X0
260 2ETAB(4.K) = CX]
IFC 1CH +EC. 2 } GO TO S83
G0 ¥0 270

]

F0002380
0002390
F0002400
FgoQ24l0
0002420
0002430
£0002440
0002450
FO002400
F0002470
F0002480
0002490
0002500
F00Q2510
£0002520
F0002530
£0002543
F0002550
F0002560
F0002570
F0002580
£0002590
FO002600
F0D02610
F0Q02620
0002630
0002640
£0002650
F0002660
£0002670
F0002680
F00J2690
F0002700
£0002710
Fo0Q2720
F0002730
FQ002732
£0002734
£0002736
F0002740
F0002750
£0002760
F00Q2770
FQ002720
F0002790
F0002800
F00Q02810
F0Q02820
£0002830
F0002840
F0002850
£0002850
F09G20870
FQ002880
FQ002890
F0002900

12/31/68

394

4l0

419

4«20
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LINBO3  CONWAY PHASE N4
Feoseo - EFN  SOURCE STATEMEAT -~ IFN(S) -

Cesocol LESS THAN 4 ALPHAS lecose
200 IC = 2
i1=0
12=0
€C 310 I=l4k
__TERN = CABSU ~ !ggcALsaallt»tnobcALFAl«ln: - B24(ALFAB(1))e92 )
- TIFL YERW JGESTYICE-TT) 6O Y
i1 =11 ¢1
IALLIL) = ]
6C 10 N0
300 1282 ¢ 1
_ 1a2(12) = 1 e
310 "CCNTINVE
160 12 60, 2 ) GO 10 340
1FL 11 .EQ. 2 ) GO TO 320
G0 70 632

Ceoroal 244 CASE Jeceee
7320 TIA€2) = TALL) T ) ) oT
1A04) = JALL)
ICASE = §
12l = 3
19~ 2

A

60 T0 360

Cosceel 143 CASE bevese
340 JALY) = JA2(1)

R N H R
1C8 =1

330 ICASE = &
182 = 2
L2=3
K2 =2

T — L
TK = JALIB2 -

hllTE(boJ?O) € ALABLIIC)i=143 ), %AMI(‘H. lll.l'l-llhlLFAl(Ji':3803280

82 ALFABIK)
370 FCRNATL 7/7 16H 98% DEGENERATE (448 /

. 43N CALCULATE BETA(IX) AND LILsK) FOR K =412,
. 4k ANDo1248H {I=2,4) //
20114 ALPHAL 1 1103H) =01P2EL13.5 / ) /

lF( 1C8 +EQ. 3 ) ICB = 1
GC TO ( 245, 355 3, ICO

CoeseslERC = PIEZOELECTRIC CASEososs e
400 IC » .
1ns=0
CO 430 Islsh
CA22 » CABS( B22( ALFABI1) ) ) . o
IF( K +EQ. 3 ) GO TO 410
. IF{_CA22 oGTe JET ) IL = 11 ¢ 1

6C 707430 - T

410 IF{ 1 .GT. 1 ) GO TO 420

£0002910
£0002920
F0002930
£0002940
€0002950
_ £0002960
£0002970
F0002980
£0002790
£0003000
£0003010
F0003020
£0003030
£0003040
F0003050
£0003060
£0003070
£0003080
£0003090
£0003100
£0003110
£0003120
£0003130
0003160
0003150
£0003160
£0003170
F0003180
£0003190
£00(13200
F0003210
£0003220
£0003230
£0003240
£0003250
0003260
F0003270

3290
F0003300
F0003310
F0003320
F0003330
F0003340
F0003350
F0003360
F0003370
F0003250
F0C03390
F0003400
F0003410
F0003420
F0003430
FO003440
F0003450

_ FO003460

12731769
511 512
547
67
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LINBO3  CONwAY PHASE NG
Feeoos - EFN SOURCE STATEMEANT - IFMS) -~

CoMIN = CA22
J= |

GC T1C 430
420 IF( CAHIN .LE. CA22 )} GO TO 430
CAMIN = CA22
Js |
430 CONTINUE
IF( K «EQe 2 ) GO TO 450
I1=0
CC 440 I=1,3
JEU 1 0. J ) GO TO 440
=11+
1ACIL) = §
440 CONTINUE
GO TO 460
450 IFL 11 oNE. 2 ) GC TO 632
460 [C8 = 3
6C IC 350

270 IFL NUT. ( RCOTS .OR, ALL } ) GO TO 9823

"=
112 = 1A(2)
113 = JA(3)
14 = 1A(4)
WRITE(6.984) ( ALAB(1,ICASE), 13}

984 FCRMAT( 21HORE~URDEREC ALPHAS (
983 IFl BETA .OR. ALL ) WRITE(6,905 )

985 FLRMAT (20FQINTERMEDIATE BETA B//

IF (KL .EC. O} GO TO 1190
L1170 EL(L¢2) = BETABI4,.K}
GG T0 1330

o3 ) ALFABLILL), ALFAB(IL1Z),
ALFAB(LI12), ALFAB(L14)
36y ZH ) /7 ( IH 1PBEL3S ) )
G0 BETAB(L.J)
JuiBlel82 )y [=)eé )

(10 o JPOELDLST)

IF (KS .NE. O) GO TG 1390

Coovoe o EVALUATE LITHIUM NIQBATE EQUATICNSeeses

L=1tl

€0 1330 K=K1.K2

J = LA(X}

ELIL) = BETABUY/KIO(CMPLXIC.s CLE) o ALFABEJIOCSS)
. ¢ BETAB(2/K)®(CMPLX(Ocr C56) ¢ ALFABLJIOCHS)
. + BETABL3,K)O{CMPLX{Oss C55) ¢ ALFAB1LJ)OCIS)
. ¢ BETAB(4¢K)®{CMPLX(Oee ELS) o ALFAB(JIOE3S)

ELIL®Y) = BETAB(LeKI®(CMPLX{Qse C14) ¢ ALFAB(J)OCAS)
. ¢ BETABI2¢K)®(CMPLX{Qes C4O) @ ALFABLJIOCAS)
. ¢ BETAB{3,K)®(CHNPLX{Oey C45) ¢ ALFAB(J)®C3I6)
. + BETABL4eK)®(CPPLX(Qes EL4) ¢ ALFABIJIOEDG)

EL(L¢2) = EETAB(LoK)®(CMPLX(0ss C13) ¢ ALFABLJ)OC3S5)
. ¢ BETABI2,X)#(CPPLXID.s C36) ¢ ALFABLJ)SC34)
. ¢ BETABI3,K)I(CHMPLX(Oar C33) ¢ ALFAB(J)9C3))
. ¢ EETABL&/K)®(CMPLXINey EL3) ¢ ALFABLJI®E3D)

1190 IF (wH +EQ. O. +AND. KM .EQ, O) GO TO 1170

IF (NH JLE. 1.€10}
ST = EPSR
6C 10 1290

G0 T0 1220

F0003470
F0003480
£0003490
F0003500
0003510
F0003520
F0003530
F0003540
F0003550
F0003560
F0003570
F0003580
F0003590
F0003600
F0003610
£0003620
F0003620
0003640
£0003650
F0003660
FO003670
£0003680
£0003690
F0003700
F0003710
£0003720
F0003730
F0003760
F0003750
F0003760
F0003770
F0003780
£0003790
F0003800
F0003810
F00030620
£0003830
F0003 840
0003850
F0003860
F0003870
F0003880
F0003890
F0003900
+0003910
£0003920
F0003930
F0003940
F0003950
F0003960
F0003370
F0003980
F0003%990
0004200
F0004010
F0004020

187
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LINGU3  CONMAY PHASE Ne
= EFN SOURCE STATEMENT =~ [FN(S) -~

Feveoe

1220 IF (WK oNEo 0o +ORs KM (NE. 1) GO TO 1250
S

= .

£C T0 1290
1250 5F (KM oNEs O oOR. Wh oEQ. 0o «GRe WH o+GE. 1.E10) GO VO 1280

STsCOSHINH/VS }/SINHIWH/ VS ) SEPSR

€0 10 1290
1280 ST = TANH{WH/VS) * EPSR
1290 ELIL®3) = BETABIL.KI®(CPPLX(O.s EIL) ¢ ALFAB(JI®EIS)

. ¢ BETABL2.KIS(CMPLX{Q. ¢ E36) ¢ ALFAB(JI®EIS)

. + BETABI3.KIO(CHPLX{Oss €35) ¢ ALFAB(JI®E3D)

. ~{CHPLX(O0sr T23) ¢ ALFAB(J)I®TI3 + EPSOSST)SRETAB(4K)

ELEL#3) = ELILO3) ¢ 1.E*10
1330 L = L ¢ 4

IF (NBETA EC. 3) GO TC 1340

Cover o2ZERC = PIEZCELECTRIC CASEveeee

EL{4) = {04400)
EL(B) = (04004}
EL(12)= (0.40.)
ELL13)= (0.004)
EL(J4)= (0ee0Q.)
ELI15)= {04404}
ELL16) = CX1

1340 IF( OETERM OR, ALL ) WRITE(6,1335) ( EL(I), Isldil2 )
1335 FORMAT (33HOINTERMED JATE L MATRIX 8Y COLUMNS//
. (14 <1PBEL13.5))
1CBl = ICB ¢ 1
GC TO ( 1343, 1360, 137Cs 1380 ). ICBI
1343 CC 1345 I=l.1¢
1365 XEL(I) = EL(L)
CALL COET (XEL+ &+ FVS, KEXP)
1350 £ = Fv§
FYSPAG = CABS( FVS )
IF (DETERM oOR. ALL) WRITE (4, 1355) VS, FVSe FYSHAG
1355 FCRMAT (SHOVS =, E15.T7, 5Xo THF(VS) =9 ZE15.T45XsS5HMAG = E15.7 }
1357 RETURN
1360 FvS = ELILI®EL(T) - EL(SI®ELI3)
GC 70 1350
1370 FvS = ELI10)vELE16) - ELILAD®ELLL2)
GC T0 1350
1380 J = )
CC 1385 k=1,3
XXEL{l.K) = ELIJ)
XXEL(24K) = EL(Je2)}
XXEL(3.K} = ELIJ*3)
1385 4 = J ¢ &
CALL CDET( XXELs 3+ FVSe KEXP }
GC TO 1350

Cooos o EVALUATE GOLD LITHIUN NIOBATE EQUATIONSeecsee
1390 CD = MUA ¢ MUA ¢ LANCAA

CA = MUASDC/1.E20

RYSRHOA®VSOVS

CB ={RVSS{MUA ¢ DD) = 2.°MUA®DC}/1.E20

CC = (RVS - ODI®(RVS - PUA)I/1.E20

F0004030

0004190
F0004200
F0004210
F0004220
£0004230
FO004240
F0004250
F0004260
F0004270
F0004280
F0004290
F00042300
F0004310
£0004320
F0004330
F0004340
F0004 2350
F0004360
£0004370
F0004380
FO004390
F0004400
FO004410
F0004420
F0004430
FOO04 440
F0004450
FO004460
F0004470
F0004480
0004490
F0004500
F0004510
F0004520
F0004530
F0004540
F0004550
F0004560
F0004570
00045680

12731765

91 692

95

136
137

159
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LINSO3  CONwAY PHASE N6 12731768 000109 PAGE 34 E
Fesooe = EFN SOURCE STATEMENT -~ IFN(S) -
[
FvS = CSQRTICESDB ~ 4.8(A00DC) 0004590 T€2
ALFAALL) = CSCRT{(-DO ¢ FVSIZI0A ¢ OF)) FOQ04609 T63 3
ALFAALZ) » —ALFAALYL) FOOU4610 E
ALFAAL3) = CSCRTU{~08 ~ FVSI/Z(DA ¢ CA)} £0004620 7164
ALFAA(4) = -ALFAALD) £0004630 4
BLFAALS) = CSCRT(CHPLXIIMUA ~ RVYS)/KUA, C0!) FO004640 765
ALFAALL) = <ALFAALS) £0004650 K
IFL ALPHA .CR, ALL ) WRITEC6,1505) ( ALFAA(L)e I=146 ) F0004660 166 A
1505 FCAMAT (21HOINTERMEDIATE ALPHA A//{LH o 1P6EL3.5)) FO004670 3
CC 1550 Kk = ), & FOCC4680
BEVAACLLIK) = CMPLX(Ooy ~LAMDAA - MUAICALFAA(K)/ F0004690 3
. (CMUASALFAA(K)®ALFAALK) ~ DO ¢ RVS)®L.ELOD) F0004700 4
CETAA(24K) 5 (00e04) F0004710 E
1550 BETAALIK) = (1.E-10,Ce) F0004720 i
BETAAL245) = (1.E~10+04) F0004730 9
BETAA(2+6) = (1.E-10,04) FO004T40
BETAAL3.5) = (0e00.) FO004750
CETAAL3.0) 2 {0.40.) FO004T60
EFC BETA JORe ALL ) WRITE(6,1595) & ( BETAA(Led),y Is1,3 )y J=1,6 VFO004T70
. (IBETAALLd)e 1 = Ly 3)e J = ), 6) FO004780 186
1595 FCRMAT (31HOLNTERMECIAVE BETA A BY COLUNNS//{LN , 1P6EL13.5)) F0004790
CC 1620 4 = 1, & F0004800
€C 16201 = 1, 3 F0004810
1620 ELL(1.J) = BETAALLJ) F0004820
€O 1650 4 = 7, 10 F0004830
CO 1650 1 = 1, 3 FOQ04840
1650 ELL{}+J) = ~BETAB(1,3-6) FO004850
CC 1740 J = 1, & £0006860
ELLU&od) = BETAALL J JOALFAALII®NUA ¢ CHPLX U0 o NUA)SBETAALS,J) F0004870
ELL(SeJ) = BETAAL2,J)8ALFAALJ)SNUA 0004880
ELLLGod) = CHPLX{O.o LAMDAAISBETAALL,J) ¢ BETAA(3JISALFAALJI®DD  FO004890
FVS = CEXPLALFAALJI ISR/ VS) F0004900 8463
ELLUTeJ) = ELLIGJIOFVS F0004910
ELL(BeJ) = ELL(SsJISFVS F0004920
ELL(9+J) = ELLIGJIOFVS F0004920
1740 ELL{10J)s (0440.) F0004940
€0 19104 = 7, 10 F0004950
1 = 1AtJ-6) FO0 04060
ELL{4vd) a~BETAB(L,J-6)8(CMPLX(O0s C15) ¢ ALFABLI)OCSS) F0004970
. =~ BETABL2,J=6)2(CMPLX(Osy C56) ¢ ALFAB(1)0CAS) F0004980
. = BETAB{3,J=6)10({CMPLX(Ces C55) ¢ ALFABII)®CAS) FQ004990
. - BETABU4.J=6)8(CMPLX(0sy ELS) @ ALFABLL)*ELS) F0005000
ELL(SeJ) = —BETAB(1,J-018{CMPLX(O.s C14) & ALFABLI)®CAS) F0005010
. = BETAB(24J=61%(CHPLX(Qss C46) ¢ ALFABLI)IOCAS) F0005020
. = BETABI3,J-0)%(CHPLXIO.0 C45) ¢ ALFABLI)®C34) F0005030
~ BETABL4,J~6)0(CMPLX(Ocy E14) ¢ ALFABLL)SEDW) F0005040
ELL{6:J) = ~BETABL1,J-61{CHPLX(Q.s C13) ¢ ALFABLL)®CIS) F0005050
R . ~BETABI2,J=6 10 (CHPLX(Qs9CIE) *ALFABITISCIG )
. = BETAB(3,J=6)¢(CMPLX(0ss C35) ¢ ALFAB(1)®C33) F0005070
. ~ BETAB(4,0-6)8(CMPLX(Oay ELI) ¢ ALFABLI)®EID) FQ005080
ELLLTvd) = (0eeDe) F0005090
ELL{8yJ) = (0es04} F0005100
ELL(94d) » {04s04) FO005110
1910 ELL10.J)=  BETAB(4,J-6) FQ005120
CO 1915 1 = 1, 3 F0005130
00 1915 4 = 1, 10 F0005140
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LINGO3  COMMAY PHASE N 12/31/49 000109 PAGE 3
Foeose - EFN  SOURCE STATENENT - IFMS) -
1915 ELLITed) » ELLII,JI01.EL0 05150
IFL OLTERM JOR. ALL ) WRITE(6,1930) ({ ELLUIoJ0, Jo1410 3, l-x.mwooosuo
o  UEWSLeddy 4 » 1, 10}y 1 = 1, 10} 0005170 903
1930 FGRNAT (17Hl®es | MATRIX ®88//C1H o 1P8£15.6)) F0005ll0
€0 1940 1=1,100 £0005190
1940 XELLEF = ELLEL,1) £0005200
CALL COET "C(XELs 10+ FVS, KEXP) £0005210 933
60 10 1350 F0005220
£0005230
: CeeccsERROR IN NATRIX INVEASION<css. £0005240
' 1960 WRITE (6, 1570) F0005250 925
: 1970 FORNAT (30HO®®3SINGULAR WATRIX IN BETASSs) £0005260
! 60 70 1350 F0005270
END F0005280
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LINBOD CONRAY PHASE N&
$IBFTC STRIP. CECK
CSTRIP sss ARRAY OF COMDUCTING STREPS OVER PIEZOELECTRIC MEDIUM ¢es STRPO020
CoGVo12 STRP0030
Ce GeVe ROBERTS STRPO040
Ce 03.15.08 STRPOO50
(0004950035000 0200008080808000000308000885030003000000000E0000008003 STRPO060
SUBRCUTINE STRIP (A, VS, RHO, ALLe COEFF) STRPOOTO
STRPOOAD
CCMPON FT2T2/ CLE2CH,CELLTILCTIS)
CCMMCN /FLALZ  CNCE STRPO100
CCMFLEX ALS)e LERC, CNE. JINAG STRPOL110
REAL CNESIS)e CAL&s4)y CBL&o4), CClbool STRPQ120
INTECER P STRPO130
LCOICAL ALL. COEFF, CNCE STRPO140

ECUIVALENCE (CCL1Yy Cl1D

s o e e 00 0

CATA

(CC(S), C33),
(CCL9), C4é)y
(CCL12),C55),
(CCU15).Cl61,
(CE(3}, ElG),
(CEtoY, EILD
{CEL9)y EI5).
(€120, T13),

(CCL20, C13),
(CCLe)y C34),
(CCU1G)Ca5),
(CCE13)4C56),
(CE(Y1), ELLD,
(CEL4), €150,
(CELT), EII),
(CECLIG)IEIG),
CTE3), T3

(CCU3), Clady (CCU4D,C15),STRPOLSO
{CCET)e C35)s (CCU8),CI6),STRPOLIGO

(CCILE1eCh010,
(CCL14)4C66),
(CEL2), E1I),
(CE(5), E16),
(CE(8), E3G),
(CTLL) e T1L)

STRPOLTO
STRPO180
STRPO190
STRPO200O
STRPO210O
STRPO220
STRPO230
STRPO240

TP1, ZERO. CAE, ONESs JIMAG / 6428318534 (0e90s)s 1109040 5STRPO250

leo

CooessSET UP MATRICESawsse
IF (aNOT,
CNCE = JFALSE.

CACl.1}
(At 2)
CAt2.1}
CA(1.3}
(At3,1)
CAl1e4)
CAlA.L)
CAl2.2)
CAL243)
(i3.2)
CAt2e4)
(Al&,2)
CAL3.3)
CAL3,4)
A& d)
CAlaso)
CBtl.11}
8ll.2)
8(2,1)
€Btl.2)
€8(3,1}

CNCE) GO 10 67¢C

(41}

€45

Cas

€35

C35

E35

E35

Ca44

€34

C34

E34

€36

c33

[3X]

£33

-133

€15 + C15
Clé ¢ (56
c8tl,2)
€13 + €55
Col143)

“loe =las lov Vae (Oeolod /

STRP0260
STRPO270
STRPO280
$TRPO290
STRPO300
STRPO3LO
STRPO320
STRPO330
STRPO340
STRPOISO
STRPO360
STRPO3T0
STRPO 380
STRPO390
STRPO400
STRPO410
STRPO420
STRPO430
STRPO440
STRPO450
STRPO460
STRPO4TO
STRPO480O
STRP0490
STRPOS500
STRPOSLO

12731765

000109
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SOURCE

192
LINBO3  CONwAY
STRLP. - EFN
C8{1.4) = E15 ¢ E3}
CBt4sl) = CB(1.4)
(B12:2) » Cé6 ¢ Cob
(8(2,3) = (36 ¢ C45
CB(3.2) = (B12,3)
(8{2,4) = €14 ¢ E3b
CBl4e2) = LB(244)
€8(3,2) = C35 + C35
(B(3,4) = E12 + E35
CB(4,3) = CB(3,4)
CBl4s4) = ~T12 ~ T3
C0(1.21 = ~C16
C0l2.1) = ~C16
CCl1.3) = ~(C15
CoL3, 14 = ~C1S
CO(1,4) = -E1]
€0(4,1) = <E]11
C0{2:3) = -C56
€0(3,2) = ~(56
C0l2.,4) = -El¢
C0(4s2) = <EL6
CCl34) = -E1S
CCL4,3) = ~ELS
COl4s4) = T11

Coocoef F E MHessoo
670 0C 480 1 = 1. 9
680 ML) = Z2EROD

RGAX = RHO*YSeVS

CD(1.,1) = RGAM -~ (11
CCl2+2) = RGAN ~ C6b
CD{3+3) = RGAM - C55

P=Q

CC 1030 4 = 1, 4
CC 1020 K = 1, 4

IF (K +EQ. J)

€C 1010 L = 1, &

IF (L «€Qs K OR. L .EQ. J}

=10 -J-Kk-1L
P=P+l
IF (P GT. 5) P =2
T1 = CALL,JIOCBL24K) ¢ CB{1,JISCA(2,K)

GO 70 1020

Cooees o PREPARE FOR GAMMAIN) LOCPosesee

COt3, L)*TL ¢ (BU3,LIOT2

T26C0(3,L) = T38CBU3,L) »
T36CD(IeLl) ¢ COCLoJ)oCOL24K)CBII L)
COU1,J3eCOL2.KIOCOL3,L)
CAléoN}

PHASE e
STATEMENT ~ IFNIS) -

Cenoe o CCMPUTE COEFFICIENTS OF EIGHT DEGREE PCLYNOMIALeoeeo

G0 70 1010

= CAULoJ)%C0{24K) = CBLLIJIOCBL2,K) ¢ COULoJIOCTA(20K)
= (BL14J)9CD(2+K) ¢ COULoJI*CBI2,K}
s CALLyJIPCAL{2,K)SCA(D,L)
® CA{14J)9CAL2,K)SCB(3,L) +
IJ = CALL JIOCAL2,K)SCD(3)L) ~
- +
-
=
=
=

T1sCA{3,4L)
T1eCB34L) ¢ T28CAl3.L)
CA(3,L)%13
COUL,JI®CDI2,K)OCALI,L)

STRPOS20
STRPOS30
STRPOS40
STRPOS550
STRPOS60
STRPOST0
STRPO580
STRPOS90
STRPOSOO
STRPOGLO
STRPOL20
STRPO430
STRPOGAO
STRP0650
STRPO6L0
STRPDS6TO
>TRPOG8O
STRPO690
STRPOT00
STRPOTLO
STRPOT20
STRPO730
STRPO740
STRPO750
STRPOT60
STRPOT70
STRPOT80
STRPOT90
STRPOSOO
STRPOBLO
STRPO820
STRPOBAO
STRPO8AO
STRPOB50
STRPOSLO
STRPOSTO
STRPO28O
STRPOB90
STRPO900
STRPO910
STRPO920
STRP0930
STRPO940
STRPO950
STRPO960
STRPO9TO
SIRPUISY
STRPO990
STRP1000
STRPL010
sTRPLO20
STRP1030
3TRPLOAO
STRP1050
STRP1060
STRP1070
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1010
1020
1030
1035

1050

Iy =
v =
All}
Af2)
A3)
FIL ]
AlS)
Al6)
M
11}
Al9}3

Ll
STRIP.

CBla.m)
COle, i)
= Atl)
A2)
Al3)
Al4)
ALS)
Alo)
Al
AL8}
= Al9)

CONTINUE
CCNT INUE
CCNT INUE
DC 1€35 1 = 2, 8, 2
A1) = JINAGOALL)

IF (ALL <OR.
FORMAT {27HOCOEFFICIENTS OF POLYNOMIAL/Z(IH » 2E18.7))

L R R AR B R % A ]

COEFF )

NBD3  CONWAY

- EFN  SOURCE

ONES(P)OZHeZY

CONES (P Io(2HOZY
ONES (P)s{2HeZY
ONES(P)*( 2102V
ONES (P)o( 2502V
ORES (P (2Ke2Y
GONES(P }o( 2LV
ONES (P )e{INeZV
ONES (P)SINSZY

+ it et 0ot e

PHASE Né
STATEMENT -~ [FNIS} -

21028}
[3L24))
2420
p{324Y]
L2y
Inely
INeLU)

L I 3

18250
2Ke1S)
wels)
nes)
INeZ2S)

WRITE (60 1050) (AIl)s 1 = 1, 6)

Coveo o NCRMALIZE COEFFICIENTS TO LARGEST VALUEesseso

1155

1157

ANORM =CABSIA)

CC 1155 | = 2, 9

ANCRM = AMAX1 (ANORM,CABS(A(I) D)
CC 1157 1 = 1, ¢

AL1) = ALT)/ANORM

IF (CABS(ALL)) LT 1.E-6) AlLl) = ZERD

CCNTINUE

IF (ALL «OR. COEFF) WRITE (6s 1050} (A{1)e I =1, 9)
RETURN

END

STRP1080
STRP1090
STRPLI100
STRP1110
STRP1120
STRPL130
STRP1140
STRP1150
STRPL1160
STRP1LTO
STRPL180
STRP1190
STRPL200
STRP1I210
STRP1220
STRP1230
STRPLI240
STRP1250
STRP1260
STRP1270
STRPI200
STRP1290
STRP1300
STRPL31O
STRPL3¢0
STRPLIIO
STRP1340
ST2P1350
STRP1340
STRP1370

12731766
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194

LINSOD CONWAY

SI#FTC CROOT. DECK
ccroor

Ce CROOT CALCOLATES THE ROCTS OF AN EfGHTH DEGREE POLYNOMIAL

PHASE

SUBROUTINE CROOT (As X0+ KODEe X}

COMpCN JCROER/  Cy Ko M

CCNPLEX AlS), €{9), X018}, XIB}, X} ROUND, CXC

EXTERNAL POL
CATA Cx0/{0e4043/

el
0C 1001 = 1, 9
100 Ct1) = AL

110 IF (CABS(CLL))I.NEe Oo) GO TO 130

XK} = (0,00}
KsKetl
IF (K .GT. 8) GO TO 280
*el0-K
CO 120 1 = 1,
120 CL1) = CL141)
GC 10 110

CooeesC O M PUTE K=T¢
130 X1 = (o5405)
1F (XCDE oME. 0} X1 = XOUX)

CecoeoXl v INTIAL GUESS, USE MULLERS METHOD TC REFINE ITseocoe

¥Fs10-K

CALL MULLER (POL, X1, 20s 1.E-8¢ JUNK, X(K)y N}

X1 = (5, =oS)

R OO Teooeeo

L L}

CROOTO20
CROOT030
CROOT(Q40
CROOTO050
CROQTO60
CROOTOTO
CROOTOTS
CROOT080
CROOTO%0
CROQT 100
CROQTILO
CROOT120
CROQT130
CROOT140
CROOT150
CROOT 160
CROOT1I70
CAOQT180
CROOT190
CRNOT 200
CRuUT210
CROOT 220
CROOT 230
CROQT 240
CRODT250
CROOT 260
CROOT270
£AQ0T 280

IF (N .GEo 20} CALL WULLER (POLs X1¢ 20+ 1loE-8y JUMK, X(K)s N) CROOT 290

X(K) = ROUNCIX(K})
K=Kl .
IF (K .GT. 8} GO Vg 280

CeeveeR EDUC E
00 240 [ = 2. M
260 CUI) = CLL) ¢ XiK~-1D2C(I-1)
tF (K +NE. 8) GO.TO 130

COEFFICIENT Seceee

If (CABSICIL1)) .NEs 00} GO TO 250

X(8) = Cx0
GC 70 280

250 x¢8) = -C{2)/Ct1)
X48) = ROUND( xi8) )

CoooseE X I Teconoo
280 0C 290 I = ), 8
290 Xxot1} = x(1}

KCDE = 1
RETURN
(1.1:]

CRO0T300
CROCT310
CROOT 320
£R00T330
CROOT 340
CROOT350
CROOT 360
€R00T370
CROOT280
CROOT290
CROOT400
CROOT410
CROOT415
CROOT420
T TCRO0T430

CROOT 440

CROOT450

CROOT460

CROOT470

CROOT480

12/31769
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LINBU3  CONwAY PHASE N&

$IBFTC PULER. DECK

CMULLER *s0ee MULLERS METHOD FOR RCOT FINCING seeo
Cs

Ce GoVe ROBERTS

Ce 04,2668
CI330420800805000032820800008008 s8808

SUBROUTINE MULLER (F¢ XCo MAXs EPSLO*s KODEs Xo NI

CONPLEX Fo Xo X004 Xlg X2+ X3¢ H2e L2o D24 Go FXy FX1y FX24 Do

TuOs ONE, GPD, GMD, L3, FX3, Hl

.
CATA TuCo ONE 7 (0,0290.0y (0.01404) /
FX = Fix0}

X2 = X0
KCDE = O

IF (CABS{X} .EC. 0¢) GO TO 190
FXl = F(1.C2%x0}

FX2 = F{1,01%%0)

H2 = -0,(leXx0

GC T0 220

190 FX1 = FiTwO!
FX2 = FLOME)
2 = -0.01

220 L2 = -0.50
02 = 0.50

ConceoLEGIN ITERATICNScoene

CC 540 K = 1o MAX -
L) - K

6 3 FX®L28L2 ~ FX1#D28D2 ¢ FX2%(L2 ¢+ (2}
CALL GVERCK

€ = CSORT (GeG = 4.9FX20028L20{FXSL2 - FX1002 ¢ FX2))

GPC = G ¢ L
CH) = G - 0
CGPL = CABSIGPD)
CGMC = CABS{GMD)
IF (CGPD «GT. CGMD) GO TD 2360
IF (CGMD +EQe 0.} GO TO 580
L) = ~2,%FX29D2/GMD
GC 10 370
360 If (CLPD EC. 0.) GG TO 580
L3 = ~2,9FX2%D2/GPD
370 X3 = X2 ¢ LI%k2
FX3 = FIX3)
IF (CABSIXZ) oEQe 0.) GO TO 420
IF (CABS{{X3 = X2)/XZ) GT. EPSLON) GO TO 450
CALL QVERCK
390 x = X3
GC 10 570
420 If {CABSIFX)) LLE. EPSLCN) GO TO 390

MULERO20
MULERO30
MULEROAO
MULEROSO
MULEROGLO
MULEROTO
MULEROBO
MILERO90
MULERI00
MULERLL1O
MULER120
NULER130O
MULERLIAO
MULER1S0
MULERL60
MULERLITO
MULERLOO
MULER190
MULER200
MULER210
KULER220
MILER230
MLEK240
MLLER2S0
M ER260
MULER2TO
MULER280
MULER290
MULER3OC

MULER3L1O
MULERI20
MULER230
MULERI4O
MULER3SO
NULER36O
MULERITO
MULER3ISO
MULERIO
MULER4OO
MULERGLOD
MULERS20
MULERSID
MULERGAD
MULERASO

MULER&LO
MULERATO
MULER4BO
MULER490

12731/6%
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1 X
le(l)=I322(ul) ¢ A44(G-1) - 324(‘11)2 '
BMIN=BIX(1)

BIX0= 1A ,(0) + R ygla) - Ryyla?l

"ﬁ ‘

BIXGK)= R 50000 & gyl )R (e

(k=1,4)

O]

o ——

2ifJ=1

I=K

JA=1
JA=3

IAGA)=K

JA=]At) .Jﬂsjl}:

6

— é@ =i

131

o X
wpedratn A -
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DR .3 2300 LSV A
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196
;
LINBG3  CONmAY PHASE Né 12731765 600109 PAGE 41
MULER, - EFN  SOURCE STATEMEANT - IFNS) -
CosooohCT CONVERGENT YET 40000 MULERSOQ 48
450 £x = Fx1 MULERSLO
FX1 = Fx2 MNLERS20
FX2 = FXx3 MULERS30 .
x = X} NULERS4O
Xl = X2 HULERSSO
X2 = X3 MULERSSO
ko= H2 MULER570
k2 = X2 « x} MULERSEO
L2 = P2/ MULERS90
5640 02 = 1. ¢ L2 MULERGOO
KCDE= 2 MULERGLO
X = X2 MULERS20
STC RETURN MULERG30
580 x = X2 MULERGSO
GC TO 570 MULERS50
END MULERS6O




197

' LINGBO3  CCNwWAY PHASE N& 12731765 000109 PAGE 2

SIOFTC PCLeso DECK

' . croL POL00020
: CCMPLEX FUMCTION POL {X) PDLO0030
CCHECN JORDER/ C, K¢ M POLO0040
CCMPLEX T, CL9)e X POLO0050
PCL = (0eeCor POLO0060
p T = (lee0e) POLO0OTO
: J s POLO008O
! 0100 = 1, M POL000%0
, PCL = POL ¢ ClJ)eT POLOO100
! CALL CvikCK ?
1 T = Tex POLOO1LO
3 1004 =4~} P0L00120
ETURN POL00130
END POLO0240




198

LINBO3  CONwAY PHASE N&

SISFIC TFUN.. OECK

CTFUN
CCMPLEX FUNCTION TFUN (ETA, BX," Cl, C24 C3, C4, C54 Co, C7, C8°
CCAMON JLINK/  JUNKL(2440, ALFABIA), JUNK2(36), BETAB(4,4),
. JUNK3I(8)) VSe JUNKA(LIT)
. 7C5A 4 1AL4)
CCGNPLEX  ALFAB, BcTAR, ETA(4)

CEBUG ETAsWX4CLeC20C30C40C50C6,CT4CH

TFUN = (04400}

TC 80 K & 1, &

1s 1A(K)

CEBUG |

LEBUG TFUN
80 TFUN = TFUN ¢ ETAIKI$(
BETABCL,KI®(CHPLXLO.sCL) ¢ ALFAB(I)C21/VS
BETAB(2,K)®(CHPLX(04sC3) ¢ ALFABC1)9CA)/AS
BETAB(2,K)S(CHPLX(04oCS) ¢ ALFABCII®C6)/VS
BETABI4.K)S(CHPLX1GeoCT} + ALFABITISCE)/VS

_CEXP{=ALFAB( 1)WX/VS "

o0 0 00
®« 1

CEBUG TFUN
RETURN
END

P e T L T

TFUNOO20
TFUNOO30
TFUNGO4 O
TFUNOOS50
TFUNGOL O
TFUNOOTO
TFUNOORD

TFUNOO92
TFUNO100
1FUNOLL0

TFUNO120
TFUNO130
TFUNO140
TFUNO150
TFUNOLOC
TFUNOL70

TFUNO180
TFUNO190

. s

12731765 000109
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Nomn e

Lin802 CUNWAY PHASE N4

$IBFTC PIFLN., DECK

CPIFUA
CCMPLEX FUMCTION PLFUN (ETAy C1le C20 C3y Chs (S5 C6e CTy
. €8, C9, ClOs Cl1, Cl2. C13, C14, C15,
. Cl6, CL7s C18, C19, C2C, C21, €22+ C23,
. c24)
COMMCN 7L INK/ JUNKL (264}, ALFABIG), JUNK2(36), BETAB(4,4),
. JUNK3(26) JBETAN/  NBETA
. /CIA 7 1ACL4)

COMPLEX ALFAB, BETAB, ETA(&), J
DATA Jd 7 t0esled /

M6 = NBETA ¢ 1
FIFUN = (0+40.)
0C 2301 = 1, 4
L= JAlD)
£C 230 K = 1, hKé
* = JALK)
PIFUN=PLFUN ¢ (ETA(I)IOCONJGLETALKI)/CALFABIL) ¢+ CONJGLALFABINIE))
S{CONJGUBETABIL k) I®(BETABIL 1)e(CL ~ JsC2¢ALFABIL})
BETAB(2.118(C2 ~ JOALFABIL,9C4)
BETAB(3.1)8(C5 - JEALFAB(L)®C6)
BETAB(4s1)°(CT ~ JeALFAB(L)®CS))
CONJGIBETAB{2,K I IS(BETAB(L,1)%(CG ~ JSALFABILI®C10)
BETABC2.100(C11 ~ J*ALFAE{LI®C12)
BETAB(I,()e(C13 ~ JOALFABIL)*Cl4)
BETABL4, 1 )9(C15 ~ JSALFABILI®CL6))
CONJGURETAB( 34K ) I*{BETABLL 1)8(CL7 - JeAIFABIL)SCLS)
BETABI2,1)8(C19 ~ JsALFABIL}®*C20)
BETABLI,118(Cc) - JeALFABILISC22)
BETALL4,1)0(C20 ~ J*ALFABIL)I®C24)))}
230 CONTINUE
FLFU% = PLFUN/2.
RETURN
END

*

LR IR W AR AR X ]

>

12731765 000192

PIFUND20
P1FUNC30
PLFUNO&C
PIFUNOSO
P1FUNO6O
PLFUNOTO
PLFUNOSO
P1FUNO9O
P1FUNL100
PIFUNLLO
PIFUNI20
PLFUNL3O
P1FUNL4D
P1FUN1SO0
PLFUNLGO
P1FUNITO
P1FUNL8O
P1FUNL90
P1FUN200
P1FUN210
P1FUN220
P1FUN230O
P1FUN240
PLFUN250
P1FUN260
P1FUN2T0
P1FUN280
P1FUN290
PLlFUN300
PLFUN3LO
PLFUN320
PLFUN330
PLFUN340
PLFUN3SO
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LINBG3  CONmMAY PHASE N&
SIBFYC COET.. DECK
SLBROUY INE CCEY 6-12-6

CCDEY

o>

12

10

14

16

20

100
200

18

OEVERPINANT OF COMPLEX MATRIX,
SUBROUTINE CORTU(A, Mo FoM)
CATA PL/3.141592657
CIMENSON AINGNDS(2)
CLMPLEX AsFo8
ECULVALENCE (S,PHIB8),2502),5Un}
MLOGB2 I X)sALLGIXI/ALCGL2.0
N = 1,
CC 15 182N
=1+l
CC 15 J=1,1}
EFEREALEACToJD)LEQs00eANDLATMAGIALLeJ)) 4EQ.De) GG TO 15
IF (REALLCABSCALIJIDE = REALICABS(A(T UM} 1142010
CC 12 Kadeh
8 s AlJeK)
MIkIsALEeK)
MiK) = 8
SGN & - SGN
IF (REALCACL L JDYGECeO0 e ANDLATMAGLALL dI).EQ.Ca) GO TG 15
B s AllodI/AL0d)
Jusutl
£C 14 L=2JoN
AlL,LY = ALL,L) - BsAlJ,L)
CUNTINUE
SuMsn,
FHL=0,
0C 20 i=1,N
TF(REALIACTVE 1) eEQ 00 oo ANDLALMAGIALT 1)) 4EQ.04) GO TO 18
SuM = SUM ¢ ALOGB2 {REALCCABSIALL 1N}
FHISPHICATAN2{AINAGL ALTo10), REALLALL,1DDI/PL
SUM = SUN®.301029596
PHl 2 PIsPHL
F=CMPLXLCOSIORI)SINIPHID)
S s ABSISUM) - 37,
IF (S.LE.0.) GO TO 100
M= SIGMLSSUM}
F 2 FOlO#s(SLM-FLOATIND)
GC 1C 200
n=Q
F = Fol0,005uN
1F {SUNGTe0s) KETURA
F=-F
RETURN
L]
F2{0s004}
RETURN
END

8
DETIAY = F & 1Qoen

CDET0000
CDETO001

0001
0002
0003
0004
0005

0008
0007
0008
0009
0010
ool1l
ootz
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041

0043
0044
0045

12731788 000509 PAGE 45
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L INBO3 CONWAY P SE Né

SIBFTC CMATS, OfCk

CCMATS
[

11

12
10

16

15
155
160
166

287

25
289
28

159

SUBRCUY INE CMATS t-12-6&
SOLUTICN OF COPPLEX LINEAR EQUATICNS
SUBROUTINE CMATS{A.X,N1,M1,0)
DIMENSEON AUN2+50).X(INL.N1}
CCMPLEX AyX R
wxp}
A=N1
1F (M) 196.169.5
ML = -]
IF (AML) 16541606
FrzheM
ii=1
£C 155 1=2.n
LC15 J=l. i
1F (REALUA(TeJd)) +EQe Oe oANDe AINAGIAL]1,J)) LELe 0.) GO TO 1S
If ¢ CABSIALI.JY) -~ CaBS{A(L )} 11410410
0C 12 k2J,0r
R o= Alded)
AMJIIKI=AL L oK)
AieK) = R
IF (REALGALLIeJ)) oEQo Ue oANDs AIMAGILALICJ)? JECe 00) GO TO 15
Rz —Alled )/ AN
Jd = g+ ]
[SST I ENNTY ] 4
AlI+K) = AtLIoR) * ROALJLK)
Mldd) = (C.e00)
CCNTINVE
=1
DC 166 I=1M
1F (REALCACTe1)) oEQeOs oAND. ALMAGIALL 1)) LECe O4) RETURN ]
OC 28 J=l.n
KK=h4J
KINeJIsA{NIKK)/2ENWN}
1F (hM1)  287,24.287
<. =N
+L 289 [22,N
1=y
Jd = 4y -1
R = (0ee0s)
00 25 Ksll«N
Rz R ¢ ALJIsKIOXIK,J)
Xtdded) = (ALJJKK ) = RIZALIIIS)
CONTINUE
RETURN
RETLRN |
END

CMATS020
CHATS030
CMATS040
CMATSO050
CHMATS040
CMATSOTO
CMAYSO080
CMATS090
CMATS100
CHATS110
CMATS120
CMATS130
CMATS140
CHATS150
CMATS160
CHATS170
CMAT- 380
CML - S190
CHATS200
CHATS210
CMATS220
CMATS230
CMATS240
CMATS250
CMATS5260
CMATS2T0
CHMATS280
(4ATS290
CMATS300
CMATS310
CMATS320
CMATS330
CMATS 340
CMA1 335D
CMATS360
CHATSI?0
CMATS380
CMATS390
CMATS400
CMATS410
CMATS&20
CMATS430
CMATS440
CMATS450
CMATS 460
CMATS4T0

12731765
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LINBO3  CCuRiy

SIBFTC CVADK  DECK

SUBRCUT INE OVERCK
CCMMOL./OVR /K0 4N
ECULVALENCE ( JAND, XAND)
CCNNCN KOUNT(D)

CATA MASK/C0000000777777
xC=0
XANCSAND( MASK KOUNT(11) )
KNTFPT=1ANDe239
KATSAVEKQUNT(KNTFPT)
KAT1sKNTSAV/32768
KAT2skKNTSAV-327684KNT]
TFIRNT2.LEL 1) RETURN
KCUNTEKNTFPT )a3270593NT 208
KG=1 T

RETURN

END

PHASE

L1

12731765
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